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Summary 
This study takes place in an endangered peatland 
within the city of Thunder Bay Ontario. The study area, 
William Bog, is one of a few remaining peatlands in the 
Thunder Bay district which have developed on abandoned 
Minong phase lake basins on the north shore of Lake Superior. 
An Inventory of vascular plants, mosses, hepatics, and 
ground lichens reveals that the vascular flora is richer 
than the moss or hepatic flora and that ground lichens are 
rare. Vegetation zones identified in the study area are 
similar to communities described for peatlands in Ontario 
by Jeglum £_t ^1^. (1974). The study area is centered on a 
Carex spp. dominated graminoid fen which is bounded to the 
north and west by a conifer swamp, and to the east by a 
shrub rich treed bog. Ordination of vegetation data reveals 
that vegetation varies continuously from fen to swamp and 
from fen to bog. The nature and flow of groundwater is 
related to vegetation type such that within the fen, and 
to the north and west, vegetation can be classified as 
mlnerotrophic. East of the fen vegetation appears to be 
ombrotrophic in nature. The pH of both soil and water, 
calcium concentration , and conductance of water samples 
varies continuously along the vegetation gradients. This 
results in a corresponding environments1 gradient which 
runs from strongly minerotrophic (fen) to weakly minerotrophic 
(conifer swamp) to the north and west, and from strongly 
iv~ 
minerotrophic (fen) to ombrotrophic (bog) in the east. 
William Bog exibits consistently higher and lower 
air temperatures when compared to the Thunder Bay Airport* 
3 km SW , this peatland has a significantly shorter frost 
free period. Within the study area peats are coolest in 
orabrotrophic Sphagnum spp. hummocks east of the fen, and 
frost persists within these hummocks well into the growing 
season. West of the fen peats are warmer, likely the result 
of subsurface groundwater flow. There is no evidence of 
permafrost in the study area. 
The historical and evolutionary development of William 
Bog is based upon the lateral expansion of Phragmites communis 
marshes through paludifleation of the sandy lowland basin. 
This resulted in two developmental sequences which are based 
upon the flow of groundwater within the basin, Minerotrophic 
communities evolve where groundwater flow is concentrated. 
Ombrotrophic communities develop in drier sites where Sphagnum 
spp- growth elevates the surface above the influence of 
groundwater. Dynamics between these communities are based 
upon local climatic variations during the period following 
initial colonization of the site, and disturbance by wildlife. 
The proposed development of vege t ation in William Bog appears 
to resemble sequences proposed by several peatland 
studies undertaken in northern Minnesota, southern Ontario, 
and southern Quebec. 
-vl" 
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I ntroduction 
I. The study 
Peatlands occupy approximately 466,200 square kilometres of 
Canada's land mass (Radforth and Brawner, 1977)- Within the 
1 and 
province of Ontario alone kS% of the total-^area is occupied by 
peatland (Ketcheson and Jeglum, 1974). Floristic and environmental 
descriptions of these ecosystems have been under- 
taken periodically throughout the past sixty years in Canada. However, 
inventory and description is by no means complete, and a nationally 
recognized classification scheme is not yet fully developed (see 
Zoltai, Poulett, Jeglum and Adams, 1974). Recently, there has been 
increased interest in peat as an energy resource, as well as In the 
treatment of polluted water, and as a construction material (Ruel 
et 1977)* In Russia at least 300 power generating plants are 
fueled exclusively on peat (Hoore and Bellamy, 1974). This interest 
in peatlands, and possible subsequent disturbance and destruction of 
their natural state, makes it imperative that as many are described 
as possible, especially in areas in immediate danger. 
This study took place within William Bog, a peatland in the 
city of Thunder Bay, Ontario. Within the past ten years its edges 
have been drained and excavated for housing. Recent city expansion 
and proposed freeway development (Judge, 1978) will result In total 
destruction of this very interesting wetland, one of the few remaining 
2. 
in the Thunder Bay area. Consequently, this study will likely be 
the last botanical, ecological record of William Bog. 
General review of peatland studies 
Peatland research in North America, Great Britain, and Europe 
has been extensive. The result of these studies is an extremely 
diverse and complex variety of classification systems, each 
especially tailored for the region in which it was developed. The 
common theme, however, to all these systems is the influence of 
topography, climate and groundwater on the development and classifi- 
cation of peatland types. 
In Canada Jeglum, Boissoneau and Haavisto (197^) have proposed 
an hierarchical classification system for the northern clay section 
of Ontario which stresses vegetational physiogamy and dominant 
vegetation. Stanek (1977) outlined muskeg regions in Canada, basing 
his discussion on climatic, chemical and nutrient factors. 
In the western region of Canada^Rigg (1925, 19^0, 19^7) described 
some Sphagnum spp. bogs on the northern west coast of British Columbia 
of 
and Stanek and Kraj ina (1 964) discussed the nature'^peat 1 ands on the 
west coast of Vancouver Island. Lewis ^ ^.(1926) discussed the 
dynamics of peatlands in central Alberta and Lewis ^ aj. (1928) 
described a wide range of peatlands and wetlands in the same area. 
3. 
M. Moss (19^9) studied peatland development in terms of Sphagnum spp. 
hummock development and initially proposed a Sphagnum regeneration 
cycle applicable to bogs in Alberta. E. Moss (1953) 
described successiona) processes within 
the bog hydrosere in terms of the Sphagnum regeneration cycle. 
Recently, Vitt^ §!• (^975) investigated the relationship between 
vegetation and water and soil chemistry in patterned fens in the 
Swan Hills of north central Alberta and found that vegetation type 
and water chemistry are significantly related. 
Knollenberg (1964) studied the distribution of string bogs in 
central Canada in relation to climate, and Zoltai (1972) described 
paisas and peat plateaus in central Manitoba and Saskatchewan. 
Jeglum (1971, 1972, 1973 ) investigated vegetation and vegetation- 
environment relationships in the Candle Lake wetlands in central 
Saskatchewan and found that vegetation over a wide range of wetland 
types was significantly related to moisture and nutrient gradients. 
In Manitoba^Ritchie (1957, 1959, 1962) described peatland and wetland 
vegetation in northern Manitoba and noted the importance of drainage 
and edaphic conditions upon the development of muskegs and bogs. 
Stringer and Stringer (1973) studied the distribution and relationship 
between bryophytes in a Piaea mariana dominated bog in Bird's Hill 
Provincial Park in southern Manitoba. 
There have been no published records of peatland vegetation ecology 
in northwestern Ontario encountered during this study. However, Dai 
AI-(^974) described water level fluctuations in a north eastern 
Ontario peatland near Cochrane. Sjors published major works on peat- 
lands associated with Hawley Lake (Sjors, 196I) and the Attawapiskat 
River (Sjors, 19^3), both In the remote regions of north central 
Ontario. It was in these works that Sjors proposed the theories 
of peat land development which are commonly accepted in this country. 
He recognized two basic types of peatland, minerotrophic sites which 
receive their mineral nutrients from groundwater and ombrotrophic 
sites which rely upon rainwater for their mineral nutrition because 
peat deposition has elevated their surfaces above the influence of 
nearby mineral rich groundwaters. 
In southern Ontario Transeau (1905) described bogs and bog flora 
in the Huron River Valley. Dansereau and Segadas-Vianna (1952) 
proposed successional relationships between peatland types in 
Southern Ontario and Potzger (1953) and Potzger and Courtemanche 
(I95^b) described a variety of peatlands in southern Quebec. 
Segadas-Vianna (1955) undertook an ecological study of a single 
shrub rich bog type (the Chamaedaphne calyaulata community common 
to Quebec and Ontario). Gauthier (1971) studied several peat bogs 
in the lower St. Lawrence and Gauthier and Grandtner (1975) described 
successional relationships within peatlands in that area. They 
recognized two types of development which culminated in both minero- 
trophic and ombrotrophic stable communities. 
In the maritime regions of Canada Porslid (19^^) described a 
peat bog in Labrador and Allington (1961) examined the Labrador bogs 
in greater detail, noting specifically their physical characteristics. 
Pollett^^^. (1970) proposed a classification for peatlands in 
central Newfoundland based primarily on dominant vegetation and Pollett 
5. 
and Bridgewater (1973) described the phytosociology of those peat- 
lands. Bouchard et al. (1978) included a description of peatland 
flora and ecology in their discussion of the vascular flora of 
St. Barbe South district in Newfoundland. 
Peatland research in the United States is primarily concentrated 
in the northern lake states. Some of these studies are close to 
the Thunder Bay Region, although it appears that no studies have 
been published any closer than 322 km from the study area. 
Conway (19^9) described the bogs of central Minnesota, Janssen 
(1967) the bogs of northwestern Minnesota. Janssen recognized 
that the nature of peatland plant communities was related to their 
source of nutrients and that communities integrade. Heinselman 
(1963, 1970) investigated the relationships between peatland types 
in the Lake Agassiz peatlands using florlstic data, water chemistry, 
and peat stratigraphy and determined that successional relationships 
in peatlands are intimately related to the flow of both ground and 
surface waters. He noted that minerotrophic types were dominant 
and true ombrotrophy was rare in his study area. Buell and Buell 
(1975) noted the gradual development of heath bogs where fens had 
once dominated on the edges of moat bogs in the Hesca Park area in 
Minnesota. The nature and relationship between peatland and water 
in the northern lake states has been investigated by Boelter and 
Merry (1977) demonstrating the existence of both minerotrophy and 
ombrotrophy. Schwintzer (1978) demonstrated that sites investigated 
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in northern Michigan were minerotrophic fens and that within them 
there exists a definite relationship between the nature of the 
groundwater and vegetation composition. 
Peatiand research in Great Britain has been extensive, 
especially in Scotland (see Burnett (196^) chapters 9» 10, 11, 
12, l4 and 15)- However, an in depth survey of the 1iterature wi11 
not be attempted here. Gorham (1950, 1967) determined that the 
ionic composition of ground and surface waters is intimately related 
to vegetation structure. Clymo (1963) noted that Sphagna have the 
ability to alter the ionic concentration of their immediate environ- 
ment and that this plays a large role in the development of 
ombrotrophic peatland vegetation. Bellamy and Rieley Cl967) 
determined that ombrotrophy can develop rapidly in Sphagnum fusoum 
hummocks. Keating (1975) studied plant community dynamics in wet 
heathlands. Boatman and Tomlinson (1977), in their investigation 
of vegetation and stratigraphy in Brishie Bog, found no evidence for 
a full Sphagnwn spp. regeneration cycle (see Moss, I953) rather^they 
hypothesized that there were two cycles present, one in hummocks 
and the other in hollows. 
In Sweden and Finland peatlands are extensive and similar in 
many ways to those found in the Hudson's Bay lowlands of northern 
Ontario. Du Rietz (19^9) and Sjors (1950) noted the relationship 
between vegetation and mineral concentration of the groundwater 
and originally proposed the concepts of minerotrophy and ombrotrophy. 
Heikurainen (i960) described the variation in wetland and peatland 
types in Finland and proposed successional relationships between 
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types based upon increasing or decreasing nutrient status. In 
Sweden^Ma1mer (1962) came to similar conclusions regarding the 
nature of peatland vegetation-environmental relationships. 
The largest area of peatlands in the world are in the U. S. S. R. EvKo|>e. 
Although the literature is somewhat inaccessible, what is available 
indicates that these studies have also noted the relationship between 
vegetation type and the nature of the groundwater. Kulczynski (1949) 
classified peatlands in Poland on the basis of groundwater chemistry 
and developed a scheme similar to that proposed by Sjors (1950). 
Recently, Abramova (1975) discussed sites very similar to string 
bogs described by Heinselman (1963, 1970) and noted their vegetational 
character could be related to groundwater chemistry and flow patterns. 
Studies of peatlands throughout the northern hemisphere demon- 
strate that vegetation and groundwater are intimately associated 
and that vegetation types are comparable, although not identical 
floristically. Within Canada peatland research has not been extensive. 
Within northwestern Ontario there has been no Inventory of peatland 
types and no specific studies of vegetation and vegetation-environment 
relationships. Consequently, such studies in this area are necessary, 
especially in endangered areas such as William Bog. 
This study was undertakento provide information about a peat- 
land in northwestern Ontario, specifically William Bog on the north 
shore of Lake Superior, within the city limits of Thunder Bay, Ontario. 
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b) Terminology 
The terminology associated with peatlands often varies 
with the location of the research project. Classification systems 
developed in Great Britain differ from those in Europe and 
those systems both share similarities and differences with the 
Ontario system (see Jeglum et al^.1974). In this paper the 
study area was classified initially as a "muskeg-fen” using 
Ahti and Hepburn's (1967) definition of muskeg (see below) and 
Jeglum ^ aJ. (1974) definition of fen. As the study proceeded 
results indicated that the area defined as muskeg was composed 
of at least two distinct peatland types and that the area 
designated as transitional contained at least three peatland 
types. Thus, in order to avoid confusion regarding terminology, 
a list of definition of terms commonly used in this paper follows: 
Peatland- terrain having some arbitrary accumulation of peat. 
(30 cm. c,f. Heinselman (1963)) 
Muskeg- a swampy to dryish stunted forest with a thick mat of 
Sphagnum and feather mosses underlain by rather thick 
peat. The ombrotrophic portions dominate. (Ahti and 
Hepburn, 1967). Within the study area sites dominated 
by Picea mariana over 1.5 m. in height and with a 
Braun-Blanquet cover of greater than 3 were initially 
classified as muskeg. 
Fen- peatlands characterized by surface layers of poorly 
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Transit 
Bog- 
to moderately decomposed peat, often with well 
decomposed peat near the base. They are covered by 
a dominant component of sedges, although grasses and 
reeds may be associated in local pools. Sphagnum 
is usually subordinate or absent, with the more exacting 
mosses being common. Often there is much low to medium 
shrub cover and sometimes a sparse layer of trees. The 
waters and peat are less acid than in bogs of the same 
area, and sometimes show somewhat alkaline reactions. 
Fens usually develop in restricted drainage situations 
where oxygen saturation is relatively low and mineral 
supply is restricted. Usually, very slow internal 
drainage occurs through seepage down very low 
gradient slopes, although sheet surface flow may occur 
during spring melt or periods of heavy precipitation. 
(Jeglum ^ 1974) 
ion- within the study area any site which exibits both 
characteristics of muskeg and fen. In these sites 
any Picea mariana present have a height of less than 
1.5 m and a Braun-Blanquet cover of less than 3. 
peat covered area or peat-filled depressions with a 
high water table and a surface carpet of mosses chiefly 
Sphagnum. The water table is at or near the surface 
in the spring and slightly below during the remainder 
of the year. The mosses often form raised hummocks 
that are separated by low, wet interstices. The bog 
surface is often raised, or if flat or level with the 
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Swamp- 
surrounding wetlands it is virtually isolated from 
mineral soil waters. Hence, the surface bog waters 
and peat are strongly acid and upper peat layers are 
extremely deficit in mineral nutrients. Peat is usually 
formed in situ under closed drainage, and oxygen satura 
tion is very low. Although bogs are usually covered 
in Sphacmum, sedges may grow on them. They may be treed 
or treeless, and they are frequently characterized by 
a layer of ericaceous shrubs. (Jeglum et.al. 1974) 
wooded wetlands where standing to gently flowing waters 
occur seasonally or persist for long periods on the 
surface. Frequently there is an abundance of pools 
and channels indicating subsurface water flow. The 
substrate is usually continually waterlogged. Waters 
are circumneutral to moderately acid in reaction and 
show little deficiency in oxygen or in mineral nutrients 
The substrate consists of mixtures of transported 
mineral and organic sediments, or peat deposited iji situ 
The vegetation cover may consists of coniferous or 
deciduous trees, tall shrubs, herbs and mosses. In 
some regions Sphagnum may be .abundant. (Jeglum et al. 
1974) 
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Vegetation zone- 
Community- 
Soil- 
Soil surface- 
a unit of vegetation which is visually distinct 
due to its physiognomic character. Can contain 
repetitive patterns of vegetation such as 
hummocks and hollows within a single zone. 
a unit of relatively homogenous vegetation 
cover composed of integrated mixed population 
stands that occur as closed groupings. 
(Mueller-Dombois and Ellenberg, 1974) 
medium in which the dominant vegetation is 
rooted. 
the living surface of the moss layer, or,when 
a distinct moss layer is absent, the peat 
surface. 
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C>) The aims and objectives of this study are as follows: 
1) To inventory vascular and bryophyte flora within the portion 
of William Bog in which the study takes place. 
2) To classify and describe vegetation communities and gradients 
within the study area and to compare these results to other 
stud i es. 
3) To determine the nature of relationships between climate, 
microclimate, groundwater, surface water, soils and vegetation 
communities and gradients present in the study area. 
4) To propose the historical and evolutionary development of the 
vegetation communities and gradients in William Bog and 
hypothesize upon the nature of its successions, cycles and 
dynamics and to compare these theories to other theories of 
wetland development. 
The above will be accomplished through the use of various 
methods of sampling and analysis which are standard in the sciences 
of climatology and plant ecology. 
The study area 
This study of peatland vegetation and environment was undertaken 
within the city of Thunder Bay, Ontario (population 117,000, 1979)* 
William Bog (Anrep 1921) is located directly northwest of the airport 
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expressway (highway 11-17) approximately 1.2 km north of the Arthur 
Street intersection. The study area (48° 23' 'N; 89° 18‘ 'W; 
international grid reference 16UCJ295632.; elevation 199 ni) is a five 
hectare area within the central region of William Bog (figure 
I- 2 and Plate l-l .)• 
a) Geology and soils 
Thunder Bay is located within the Canadian Shield. Local 
bedrock is late Precambrian consisting of a complex series of 
sedimentary and intrusive rocks classified as the Animikie and 
Keweenawan formations (Zoltai, 1963). The area is characterized 
by highlands completely encircling a central plain which gradually 
descends to the level of Lake Superior (l84 m). Steep sided 
mesas, and cuestas are common. Glacial action has resulted in 
varying depths of unconsolidated materials which top the bedrock up 
to the present surface level. 
Northward retreat of Pleistocene glaciation resulted in melt- 
waters flowing into the Superior basin forming a succession of 
glacially fed lakes. As glacial ice receded, water levels in the 
Superior Basin altered producing abandoned shorelines and exposing 
recent lake deposits. Flat terraces and basins which once lay 
beneath glacial lake waters and the rivers, streams, and peatlands 
occupying them constitute the youngest deposits in this region 
(Pye, 1962). 
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Figure 1-2 The location of William Bog, the study area 
and Highway U»17 within a portion of 
Thunder Bay, Ontario, Canada.(48 23'N, 89 B ' S) 
Elevation 199 metres, ( Redrawn from An rep, i92i) 
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The study area was located in a shallow sandy basin which is 
bounded to the west by an abandoned shoreline of the glacial Lake 
Minong phase of the Superior basin (Farrand, I96O). Minong occupied 
the Superior basin roughly 9,000 years ago. Peat deposits in William 
Bog have developed to an average depth of two metres (Anrep, 1921, 
see Results-Peat stratigraphy). Zumberge and Potzger (1956) determined 
that a peat bed in Wisconsin 80 cm in depth was approximately 4,000 
years old. If the rates of peat deposition in this area are similar 
to those in Wisconsin, the two metres of peat in William Bog are 
likely the result of roughly 9,000 years of deposition which began 
soon after the waters of Lake Minong receded. However, this is an 
approximation of a deposition rate which has not yet been determined 
for this area. 
b) Climate 
The climate of this region is characterized by long cold winters 
and short cool summers. Thornthwalte (1948) classified the climate 
as warm microthermal on the basis of potential evapotranspirat ion 
(thermal efficiency). Mean yearly total precipitation is 738.4 mm 
of which 532.6 mm is rainfall. Mean snowfall per year is 222.0 cm 
The mean temperature over a twelve month 
period is 2.2°C. There is an average of 2161.2 hours of bright 
sunlight in a year (Anon, 1974). Since drought effects are usually 
unknown in this area, control of plant growth is predominately by 
temperature (Hare, 1969). The mean frost free period recorded at 
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the Thunder Bay Airport was 101 days. Lake Superior (3 km east of 
the study area) has an effect upon the local climate such that the 
area adjacent to the lake has higher relative humidities and is 
cooler in the spring and warmer in the fall. This modification of 
the climate near lakes is fully described by Geiger (1965). 
William Bog lies in the transition between the Boreal Forest 
Region-Superior section and the Greatlakes St. Lawrence Forest 
Reg ion-Q,uet i CO section (Rowe, 1972). Wetlands within the Boreal 
Forest Region are characterized by stands of Vioea mar-iana (Mill) 
B.S.P. which are often found together with Larix lar-ic'ina (Du Roi) 
K. Koch and Thuja oaoidentalis L. Similarly, in the Greatlakes 
St. Lawrence Forest Region Piaea map'iana and Laidx 'lariodna are 
common in bogs while Thuja occidentalis predominates along lakeshores 
and in rich swamps. 
William Bog is developed on an oblong basin approximately 3 km 
by li km in size (see Figure 1-2). It is predominantly forested 
with Pioea mariana and Larix Laricina. Thuja oaoidentalis is present 
mostly along streams within the muskeg forest and occasionally mixed 
into the forest cover. Ericaceous shrubs and Sphagna dominate the 
understorey and open areas. The central regions of the bog are 
crossed by a series of parallel Carex spp. dominated fens oriented 
in a south westerly direction. The extreme southwestern edge of 
William Bog is dominated by Alnus spp. and Salix spp. stands. These 
were also noted by Anrep in 1921. 
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The study area is at the northeastern end of one of the largest 
and most accessible fens within William Bog (see Figure R-4). It 
consists of an average stand of coniferous muskeg forest, primarily 
Pioea mariana to the east of the fen, with increasing cover of 
Larix lari-oina north of the fen and increasing cover of Thuja 
oacidentatis and L. laj^io'ina west of the fen. The central fen 
consists predominantly of Carex -<spp. with occasional stands of 
Phragmites communis. Between the fen and muskeg forest there is a 
band of open transitional vegetation dominated by Sphagna and 
ericaceous shrubs to the east and members of the Cyperaceae and 
Salix spp. to the west. 
d) Disturbance 
The records of disturbance in William Bog are scanty. The 
Alnus spp. and Salix spp. stands recorded by Anrep in 1921 in the 
southwest region are likely the result of fires which could have 
escaped from nearby agricultural areas or upland forests. Rowe and 
Scotter (1973) recognize Alnus as an understorey species which can 
rapidly regenerate from underground meristems when forest cover is 
removed by fire. Rowe ^ a_[, (1975) note that fire also encourages 
the growth of Ledum groenlccndioum while fnhibiting development of 
Sphagnum fuscum. The absence of stands of Ledum groentandicum and 
the presence of well developed Sphagnum fuscum hummock complexes in 
the study area indicates that it likely has been undisturbed by fire 
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for quite some time. Stratigraphy determined from peat cores taken 
in the study area shows no evidence of charcoal bands at any level 
in the peat bed. 
An area of approximately four hectares, 500 m north of the 
study area has been recently cut for pulpwood (within the past 
five years). The effects of this clear cut upon the study area 
appears to have been minimal. Removal of forest cover reduces 
water loss by evapotranspirat ion and raises the water table 
(Penman, 1963)* In a wetland such as this, a small increase in 
the level of the water table would have a minimal effect upon the 
vegetation and peat. 
A gas pipeline forms the southern boundary of the study area. 
The pipeline appears to have interrupted drainage to the southeast 
diverting waters to the west down the pipeline. 
The greatest disturbance suffered by William Bog is the total 
destruction of vegetation, peat, and wetland habitat in the southern 
end which is the result of city expansion, and subsequent housing 
subdivisions, and road construction. The southeastern end of William 
Bog have been obliterated by houses, roads and shopping plazas. The 
entire area east to the expressway is under construction. The study 
h3V0 
area and the area to the north and east been allocated to 
development of a four-lane freeway and more housing. 
Unfortunately, this study of William Bog will likely be the last 
record of wetlands occupying abandoned Minong phase lake deposits 
present within the city limits of Thunder Bay, Ontario. 
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Me thods 
Introduc tion 
In order to accomplish the aims of this study two types of 
information were required; floristic and environmental data. 
Floristic data consisted of collections and data from 
quadrats located along transects (see figure M-1). Environmental 
data included water, soils and climatic information from the 
study area, and climatic data from the Thunder Bay Airport 
meteorological station located 3 km southwest of the study area 
(48^22* N, 89^21' W, elevation 200 m) see figure I-l. Stratigraphy 
of the study area was determined from a series of peat cores 
that bisected the study area (see figure M-1). 
Finally, analysis of the data was accomplished through the 
use of computer programs, including Bray and Curtis (1957) ordination 
Williams and Lambert (1959) Normal Association Analysis, Principal 
Components Analysis (Pearce 1969), and various statistical 
correlations (Nie ejt al^. , 1975). Additionally, data was often 
handsorted and simple analyses accomplished by hand calculator. 
I. Vegetation 
a) Collection and Identification 
An effort was made to obtain a complete collection of 
vascular plants and bryophytes (excluding epiphytic species) 
present within the study area, especially the area north of 
the pipeline. Collections 
(continued on p. 17) 
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FIGURE M-1.Location of transects and peat ^ { | 
cores in the study area. 0 10 20 
metres 
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from other areas of William Bog were made in passing and by Dr. 
P. Barclay-Estrup and Mr. C. E. Carton of Lakehead University. 
Collected specimens were pressed and air dried (55°C) 
within 2k hours of collection. 
Nomenclature of the vascular p1 ants was according to Gleason 
and Cronquist (1963). Identifications of members of the Cyperaceae 
were checked by Dr. A. Ce§ka of the University of Victoria. Nomenclature 
of the mosses was according to Crum (1976). Identifications of 
Sphagnum species were checked by Dr. H. Crum of the University 
of Michigan. Identifications of the remaining mosses and hepatics 
were checked by Dr. J. Ireland and Ms. L. Ley of the National Museum 
of Canada in Ottawa, Ontario. Nomenclature for the hepatics was 
according toStotler and Crandal 1’■Stot 1 er CC977l. 
b) Mapping 
Major vegetation zones were located on air photographs of the 
study area (scale: i cm= 96miN0RTHWAY SURVEY CORP JOB 7^ H8) and 
then subjectively transferred to an outline map of the study area 
(see figure R”^) . Distances to zone boundaries were checked in the 
field and appropriate adjustments were made to the map. The map was 
not intended to be a precise reproduction but, rather a diagrammatic 
representation of the arrangement of major, visually distinct, vegetation 
zones within the study area. See Plate 1*1. 
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c) Pend rochrono1ogy 
In order to determine the approximate ages of major vegetation 
zones within the study area (East muskeg, east transition, fen, 
north transition and west muskeg) several trees were felled for 
dendrochronologica1 analysis. The largest tree in the zone had its 
diameter measured at breast height and moss level. The number of 
growth rings present at moss level were noted and counted on sanded 
discs under a dissecting microscope. 
d) Point Quadrats and Hicrotopography 
In order to obtain an objective measure of species cover 
(Greig-Smith 1964, Barclay-Estrup and Girroningham 1969, Chapman 1976) 
point quadrats were performed over a leveled transect which bisected 
the study area east to west from muskeg to muskeg (see figureM-t ). 
1.5 m long 20 mm x 40 mm stakes were driven into the peat at 
3 metre intervals. Constant elevation was maintained along the 
stakes through use of a surveyors transJt and rod. Point quadrats 
were taken at 10 cm Intervals over the 111 metre transect by lowering 
a sharpened steel pin through an aluminum frame suspended between 
stakes. The frame was constructed by J. Butler of Lakehead University 
Science Workshop. Each species touched by the pin was recorded once, 
regardless of the number of times that a species was touched in a 
single thrust of the pin. Only species falling under the frame were 
considered. 
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Once the pin came to rest lightly on the moss surface, the amount 
of pin remaining above the frame was measured in mm with a hand held 
tape and recorded (see figure M-2 ). This gave a reasonably accurate 
measurement of the microtopography along the transect because the 
stakes upon which the frame rested were of uniform elevation above 
the moss surface. 
A total of 1110 point quadrats were taken at 10 cm intervals 
along the entire 111 metre length of the transect. 
A further 700 point quadrats were taken at 2 cm intervals along 
the length 6f five Sphagnum spp. hummocks which were located along 
the transect. There was insufficient time to analyze the results of 
these measurements within the body of the thesis. Datalocated 
in Appendix 1. 
e) T ransects 
One of the major goals of this study was to examine the vege- 
tation changes along a gradient which ran from bog to fen. Whittaker 
(1967, 1973), Chapman (1976) and Kershaw (1973) recommend the transect 
as the ideal method of studying vegetation gradients. Seven transects 
were undertaken in this study. Each ran from muskeg to fen, three 
(A, B, G) from east muskeg to the fen centre, two from the north 
muskeg to the north end of the fen (C, D), and two from the west 
muskeg to the fen centre (E, F) (see figure M-l). Each transect 
was approximately 45 metres in length. A total of 100 samples were 
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FIGURE M-2.Point quadrat frame design used in the study. 
taken at 3 metre intervals along each transect with a 25 cm x 100 cm 
rectangular quadrat frame which was oriented parallel to the principal 
gradient of the vegetation (Chapman, 1976). Kershaw 
(1973) recommendedsystematic sampling along environmental gradients 
and felt that size of quadrat can be determined arbitrarily depending 
on the nature of the vegetation. The 25 cm x i00 cm quadrat used 
in this study was small enough to fit into the mosaic of Sphagrnm spp. 
hummocks and wet hollows present without serious 
overlap; yet, large enough to adequately describe the nature of the 
vegetation. 
Quadrats were labelled alphabetically according to transect and 
numbered continuously from 1 to 100. Within each quadrat, data was 
recorded on a plot sheet. All plant species present 
within the inside boundries of the quadrat frame, or falling within 
an imaginary rectangular box outlined by the frame, were identified, 
given a subjective Braun-B1anquet cover rating (Mue11er-Dombois and 
Ellenberg, 197^) see table M-3and a subjective Braun-B1anquet 
sociobility rating (Muel1er-Dombois and Ellenberg, 197^) see table 
fl“3. Unidentified species were collected, numbered, pressed and 
identified in the laboratory. The vegetation zone in which the 
quadrat was located was identified as either muskeg, dry transition, 
wet transition or fen. The physiogamy of the vegetation was briefly 
described and any comments about the site or individual species were 
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COVER CLASS RANGE OF COYm{%) 
+ Sparse or very sparce(small cover). 
1 Plentifuljbut of small cover value. 
2 
3 
k 
5 
Very numerous or covering at least 5^ 
of the area. 
Any number of individuals covering 25^- 
30% oi' the area. 
Any number of individuals covering 30%- 
’J3>%o of the area. 
More than of an area. 
BRAUN-BLANQUET COVER SCALE(Mueller-Dombois and Ellenberg 197^) 
1= Growing 
2= Forming 
3= Forming 
U= Growing 
5= Growing 
solitary. 
clumps of dense groups, 
small patches or cushions. 
in small colonies or forming larger carpets, 
in large, almost pure population stands. 
BRAUN-BLANQUET SOCIABILITY SCALE 
TABLE M~3.Braun-Blanquet cover scale(top) and Braun-Blanquet 
sociability scale(bottom). Measures of cover 
and sociability used in this study 
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added to the quadrat data sheet. At the same time depth to the 
water table was measured from a spot of average elevation to the 
water table. Soil and water samples were taken and the peat given 
a von Post (1924) humification rating. See water and soil Methods 
for details. 
Transects were undertaken on June 13 and l4, 1978 (A), June 18 
(B), June 26 (C), June 27 (D), July 2 (E), July 4 (F) and July 20 
(G). Comparison of species presence and cover between transects A 
and G show that there was little change in vegetational composition 
over the period from June 13 to July 20, 1978, only slight increases 
in cover of Vaco'tniwn oxyooooos and Carex chordorrhiza were observed. 
II Environmental factors 
Introduceion 
Several environmental factors were monitored throughout the 
study area. Climatic factors measured were air and soil temperature 
and relative humidity. Water levels and peat mat levels were noted 
regularly (see figure M-4). Soils and ground water characteristics 
were measured along seven transects (A-G) and sampled from one hundred 
quadrats. 
0 — Rain gauge. 
ITI—Max-mins (0cm. and j m. ) 
vy —Water levels. 
X—Thermocouples( + 50-» -50). 
^ “■ Thermocouples ( 0-* -50) . 
Q“ Hygrothermograph. 
S —Snow depth. 
f| - Peat mat level 
Pipeline 
FIGURE M-^.Location of climatic Pleasuring ® 
devices in the study area. 
10 20 
metres 
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PLATE M-5 .HygrotIiermograph location in the study area. 
Located in the eastern transition zone. 
Photograph provides view of the study area 
looking from east to westj to the fen 
and "vrestern muskeg. 
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a) Temperature 
Ambient 
Air temperatures were recorded at three climate stations located 
with vegetation typical of muskeg, transition and fen. (See figure M-A) 
Air temperature was recorded continuously from May 29, 1978 to 
November 15, 1978 by the bimetallic thermograph portion of a Casella 
thermohygrograph which was housed in a bird house shelter (Fraser I98I). 
Readings were terminated when cold temperatures resulted in frozen ink 
in the recording pen and a poor temperature record. The Birdhouse 
shelter was elevated 1.0 m. above the peat surface. It was elevated 
to avoid measurement of air temperatures near the peat surface which 
would not be representative of the ambient air temperature. The 
thermograph, which was calibrated monthly with a mercury in glass 
thermometer, was located in the transition zone east of the fen. See 
figure M-A; see plate M“5. 
(ii) Surface and §mb|ent temperature max|ma and mmjma 
Maximum and minimum air temperatures at the moss surface and 
1.0 m above the moss surface were recorded weekly in sites representa- 
tive of muskeg, transition and fen on the east side only. See figure 
M-A. Temperatures were recorded by Six's Maximum-Minimum thermometers 
which were attached to AO mm x 60 mm boards facing north. The top of 
the upper thermometer was elevated one metre above the peat surface. 
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The lower thermometer rested on the surface. Readings were taken 
weekly, (usually Thursdays), between 10 AM and 1 PM in the following 
order: muskeg, transition and fen, within 15 minutes all readings were 
accomp1ished. 
(iii) Soi2 temperature maxima and minima 
Nine Six's maximum-minimum thermometers were located in three 
sites representative of muskeg, transition and fen on the east side 
of the study area. Thermometers were buried at three depths, 3 cm, 
15 cm and 30 cm below the peat surface. Thermometers were set and 
buried horizontally on October 10, 1977. Their positions were marked 
with florescent flagging tape and left undisturbed until October 3, 
1978. On this date they were retrieved and the temperature extremes 
for the twelve previous months were recorded. Thermometers buried 
in the muskeg site were lost because their location was inadequately 
marked. In the future very bright, obvious markers should be used 
to locate equipment in muskeg sites. 
(iv) §9il» §9ii 5ynf§99 §nd groundwater temperatures 
Temperatures above the soil surface, and within Sphagnum spp. 
hummocks, in sites representative of muskeg, transition and fen were 
measured using thermocouples of copper-constantan with soldered tips. 
Copper-cons tantan thermocouples are well suited to mi cro.* cl imatological 
work because they are small, inexpensive, easily constructed, and 
reliable to 0.5°C (Platt and Griffith, I96A). 
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Thirty-four thermocouples were constructed in the laboratory. 
Copper-constantan thermocouple wire was stripped of insulation, the 
bare wires twisted and fused with acid-cored tin-lead solder. The 
fused tips were trimmed as close to the insulation as possible. An 
electromotive force (emf) is produced by the fused copper and 
constantan wires which is proportional to temperature (see Equation 
l) (Platt and Griffith, 1964). Finally, the receptive surface was 
dipped in a thin coating of epoxy to prevent corrosion or damage. 
The opposite end of the thermocouple was soldered to two copper wire 
leads. The constantan-copper and copper-copper junctions were 
embedded in a block of paraffin together with a calibrated mercury- 
in-glass thermometer. These served as reference or “cold" junctions. 
The thermocouples were calibrated in the laboratory against boiling 
water (100°C) and an ice bath (0®C). 
In order to facilitate rapid readings of temperature, colour 
coded thermocouples were connected to female Jones plugs, which were 
plugged into a socket connection switch box constructed by R. Wilson 
(see figure M-9) from Wilson (1970)). Thermocouples were securely 
taped to lengths of 6 mm dowling and embedded in a Sphagnum spp. 
hummock. Leads were laid carefully on the surface of the peat and 
wax embedded reference junctions were placed in shallow pits at the 
peat surface (see figure M-7 and M-8) in order to avoid major fluctu- 
ation in reference junction temperature over the period while measurements 
were taken. 
29. 
FIGURE M-T.Wiring details of a Thermocouple system in a 
Sphagnum spp. hummock. 
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Temperatures were measured at the moss surface, 10 cm, 25 cm 
and 50 cm above the surface and 3 cm, 15 cm, 30 cm and 50 cm below 
the surface of three Sphagnum spp. hummocks in muskeg, transition 
and fen sites, (See figure M-7.) Temperatures at the surface and 
3 cm, 15 cm, 30 cm and 50 cm below the surface were recorded from 
two additional hummocks in muskeg and transition sites to the west 
of the fen. (See figure M-4.) 
Readings of electromotive force (emf) in millivolts were taken 
weekly from June 7, 1978 to November 14, 1978 with a Thermoelectric 
Digimite Potentiometer. The procedure for reading was to initially 
record the reference junction temperature in °C, then thermocouple 
readings in millivolts were taken from the lowermost thermocouple 
(“50 cm) through to the uppermost thermocouple (+50 cm). Once the 
complete sequence of thermocouples were read and recorded, the lower- 
most one was read again to see if there was any change in millivolt 
readings. No change was recorded throughout the period of study. 
The thermocouples at the surface, 10 cm, 25 cm and 50 cm above the 
surface were read again and if any change was observed, an average 
of the first and second readings was recorded. Finally, the reference 
junction temperature was recorded again. No differences were ever 
observed in reference junction temperatures probably because they 
were embedded in the peat and sheltered from solar radiation by 
vegetation. 
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The electromotive force (emf) produced between the fused wires 
of the thermocouple is directly proportional to temperature (see 
figure MiO) Platt and Griffith (1964). Emf's were converted from 
millivolts to degrees Celcius in the manner outlined in equation 1. 
(Rinne 197^) Readings were considered accurate to 1.0°C. 
Equation 1. E^ = E(t-tc) ^tc 
where E/ N = observed reading (t-tc) 
Etc “ reference junction temperature in millivolts 
determined from Fig (emf vs °C) 
E^ = corrected emf for the sensitive thermocouple and 
converted to ®C from figure (emf vs ®C) 
Sample calculation 
Reading from the potentiometer -1.04 mv with a reference junction 
temperature of 20°C. 
E/ V = "1.04 (t-tc) 
E^^ = 0.79 (from fig (emf vs °C)) 
= -1.04 + 0.79 = -0.25 
temperature = -6.7''C (from fig (emf vs °C)) See Figure M- 10. 
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b) Wind 
A measurement of wind direction and intensity were made weekly 
while other climatic data were being collected. Subjective measure- 
ments of wind intensity were quantified using an empirical scale. 
See table M-11. Wind direction was determined by referring to north 
facing max-min thermometer standards. 
Table M-11 Empirical scale devised for 
wind measurement 
1 ight 
breeze 2 
moderate 3 
brisk 4 
strong 5 
c) Precipitation and relative humidity 
(i) 
Rainfall was recorded weekly from May l8, 1978 to November l4, 
1978 at the climate station in the transition site. (See figure 
M-4.) It was measured with a single Cassella standard British rain 
2 
gauge with a receiving area of 116.12 cm and a rim diameter of 
12.7 cm. 
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The rim of the gauge protruded 30.0 cm above the surface of 
the peat and was located in an area free from obstruction by large 
trees, shrubs or forbs. This avoided errors in measurement by 
splash back of rain from the ground into the gauge and interception 
of rainfall by vegetation (Platt and Griffith, 196^). Precipitation 
was also recorded from data taken by the meteorological station at 
the Thunder Bay Airport, 3 km from the study area at an elevation of 
200 metres. 
Snowfall was recorded biweekly from December 14, 1977 to 
April 10, 1978 by six metre sticks driven firmly 10 cm into the 
peat. Depth of snow against the metre stick was recorded by keeping 
the head at snow level and reading the level on the metre stick. 
Snow depth was recorded as the reading on the metre stick minus 
10 cm. 
Snow depths were recorded at six locations (see figure M-4) 
throughout the study area, the north and south ends of the fen, 
muskeg to the east and west of the fen, and in transition zones to 
the east and north of the fen. In the fen and muskeg, single readings 
were taken in areas free from large hummocks or hollows, at sites of 
average elevation. Transition sites had two measurements of snow 
depth, one metre stick was planted at the top of a hummock, the 
other in a hollow. Since transition zone topography was predominant1y 
hummocks and hoi lows these measurements better assessed snow accinnu'*- 
lation than a single measurement would. 
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(ii) hum|d|tY 
Relative humidity was recorded continuously from May 29, 1978 
to November 15, 1978 by a standard Casella hair hygrograph which 
was part of the thermohygrograph housed in a bird house shelter in 
a transition site of the study area (see Air temperature section) 
(see figure M-A and plate M~5). The hygrograph was calibrated 
monthly with an Assman psychrometer. Readings were accurate to 2^. 
Charts were changed and ink refilled weekly throughout the period 
of study. 
Relative humidity was measured weekly from May l8, 1978 to 
October 10, 1978 by a standard sling psychrometer. Humidity readings 
are accurate to only because sling psychrometers tend to over 
estimate relative humidity (Platt and Griffith, 1984) . Readines were taken 
in muskeg, transition , and fen sites at water*'tl§i?®realingSttes . 
Saturation deficits were not calculatedin this study. Air 
moisture conditions were not measured precisely, per cent relative 
humidity was the only factor recorded - due to time and equipment 
1imitations. 
d) Water and soil level fluctuations 
The fluctuations in depth of the water table and movement of 
the peat mat were recorded from June 2, 1978 to November l4, 1978. 
Water table level measurements were taken with a tube and float 
device constructed by Mr. John Butler of the Lakehead University 
38. 
Science Workshop from a design similar to that described by Green 
and Pearson (1968) (see figure M-12). Three tube and float devices 
were located throughout the study area in sites representative of 
muskeg, transition and fen, and in close proximity to climate 
stations located within each site. Readings were taken from tubes 
embedded in the peat up to the plexiglass apron (see figure M-12). 
The amount of aluminum rod protruding from the tube (see figure M-12) 
and held by the rubberized arms was recorded as the week's maximum 
reading, the arms were then released, the float was depressed slightly, 
and then allowed to rebound to the present water level, this was 
recorded as the level for that day. Readings were taken weekly in 
all three sites from June 23, 1978 to November lA, 1978. In the 
following order: muskeg, transition and fen, readings were completed 
in 15 minutes. Readings for the muskeg site were not possible before 
June 23, 1978 because the peat was frozen. Measurements were taken 
in transition and fen sites on June 2, 5, 7, 8, and 15th during a 
period of heavy rains and in all three sites on June 23, 26, 27 and 
30th after more rain. These readings were used to obtain a detailed 
record of rainfall and water table fluctuations over a short period 
of time. 
fly9^y§^l9[! 
Changes in the level of the peat mat were recorded at the same 
time as the water table levels. Measurement was accomplished by 
driving a 2.7 metre range pole past the peat and into the 
sands underlying the study area. Previous studies in the area 
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FIGURE M-12.Water table measuring device(to scale). 
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(Anrep, 1921) had shown the peat mat to be approximately 2 metres in 
depth. The range pole protruded 30.5 cm above the moss surface, 
therefore, it was assumed to be into the underlying sands. Readings 
were taken with a tape measure whose zero end rested lightly on the 
moss surface . 
The range pole did not move because it was embedded in the 
parent material. However, the water tubes did move with fluctuations 
in the peat mat. Consequently, water level measurements between sites 
/not 
could be compared d i rect ly, only the change in water level from reading 
to reading was compared between sites. 
Soil and groundwater characteristics 
e-i) Samgl i ng technique 
Twelve soil and groundwater characteristics: depth to water 
table, soil pH, loss on ignition, von Post (1924) humification, total 
C, H, N, ammonium, nitrate, water pH, conductance, and calcium con- 
cent rat ion, were measured from 100 samples taken along a vegetation 
gradient which ran from muskeg to fen. Sampling of soil and water 
was achieved through transects running parallel to the vegetation 
gradient (see figure M-l). Soil samples were taken at 3 metre 
intervals from 25 cm x 100 cm rectangular quadrats (see Methods- 
Vegetation) along the transect. Samples were taken from a single 
spot which typified the vegetation enclosed by the quadrat. A 
10 X 10 X 10 cm portion of soil was removed from beneath 
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the living moss layer in the rooting zone of the dominant vegetation. 
Excess moisture was squeezed out and the sample placed in a labelled 
plastic bag sealed with a twist tie. A total of 100 soil samples 
were taken from seven transects. 
Groundwater samples were taken from the same quadrats as the 
soil samples. Water samples were collected in 500 ml plastic bottles 
with screw-type lids, in close proximity to where the soil sample 
was taken, but, where no disturbance had occurred. Care was taken 
in quadrats which were less than 65^ open water to sample the ground- 
water rather than surface water which had flowed into the hole 
remaining from the soil sample. In quadrats which were greatfer than 
65% open water samples were collected from surface water. 
For those analyses which were not done within four hours of 
sample col 1ection^soiI and groundwater samples were refrigerated 
and measured within 12 hours of collection. 
In order to check readings taken in June after a heavy rainfall 
a further set of samples were taken in November after a period of low 
rainfall. On November 9, 1978 five transects (A, C, D, E, F) were 
resampled. Soil and water samples were taken at 3 metre intervals 
along the transects. A total of 74 samples were collected and 
reanalyzed within four hours of collection. Water samples were then 
refrigerated and soil samples frozen. 
k2. 
e-3) Method of determining characteristics 
(i) ^9 ^9^19 
The depth to the water table, from a point of average elevation 
within the quadrat, was determined by removing a column of peat 
10 cm X 10 cm X 40 cm with a hand trowel. Fifteen minutes were 
allowed for the water level to equilibrate and then the depth to 
which the water had risen in the hole was measured with a hand held 
tape. 
Depth to water table was measured in conjunction with soil 
sampling, peat removed from the hole was used for soils analysis. 
(ii) Water pH 
The pH of water samples was measured within 12 hours of collection 
by a Bechman pH meter with a glass measuring electrode and a calomel 
reference electrode. Before measurements were taken the meter was 
allowed to warm up for 30 minutes and standardized In 4.01 and 7*00 
pH buffer solutions. Water samples were transferred to clean I50 ml 
glass beakers, and pH readings were taken once the meter's reading 
stabilized while swirling the water in the beaker (Brown, Skougstad 
and Fishman, 1970). 
(i i i) Oajc mm 
Calcium concentration in water samples were determined by 
Dr. Griffith of the Lakehead University Chemistry Instrumentation 
Laboratory by atomic absorption spectrophotometry on the Perkin Elmer 
^3. 
model 2k0 elemental analyzer. Portions of refrigerated water 
samples were analyzed without shaking and disturbing particular 
matter which might block the nebulizer. No attempt was made to 
standardize sample pH's. [or. Griffith (per.comm.)|Ca1ciurn concen- 
tration in ppm was accurate to 0.1 ppm in concentrations of less than 
10 ppm and accurate to 0.01 ppm in concentrations greater than 10 
ppm. (Brown, Skougstad and Fishman, 1970) 
(iv) Water conductance 
The ability of the water to carry an electric currentwas an 
indication, within rather wide limits, of the ionic strength of the 
solution. The conductance of a solution is the reciprocal of the 
resistance, which was measured in OHMS, of a column of solution 1 cm 
2 
long and 1 cm' in cross section. in most water conductance was so 
/had to be 
low that it measured in micromhos (Brown, Skougstad and Fishman, 
1970). 
Conductance of water samples was measured within 12 hours of 
collection by a Yellow Springs Instrument SCT meter model 33 with 
two platinized electrodes in a plastic conductivity cell. The 
meter was standardized with a KCl solution when the readings were 
initiated. Readings were taken by immersing the conductivity cell 
in a clean 150 ml beaker containing the water sample. The beaker 
was swirled until the meter stabilized and the reading was recorded. 
Readings were considered accurate to ±1.0 micromhos at 20°C when 
dealing with values less than 1,000 micromhos (Brown, Stougstad and 
Fishman, 1970). 
kk. 
(v) S9II EU 
Within twelve hours of collection pH of field moist soil 
samples were measured. One centimetre of peat was placed in a 
labelled glass beaker and enough distilled water was added to cover 
and moisten the soil into a thick slurry. The mixture was stirred 
vigorously and left standing for two hours to facilitate equilibrium 
of the peat-water mix. The mixture was stirred again and its pH 
measured directly with a glass measuring electrode and a calomel 
reference electrode on a Beckman pH meter. The meter was allowed to 
warm up for 30 minutes before it was standardized with pH 7-00 and 
pH 4.01 buffer solutions. 
!]Y^E9390 D1^£999D 
Total C, H, N content of soil samples was determined by 
Mr. K. Pringnitz of the Lakehead University Science Instrumentation 
Laboratory using an atomic absorption spectrophotometer Perkin Elmer 
Model 240 Elemental Analyzer. Oven dried (102°C) samples were 
screened through 0.417 mm mesh to insure sample homogeneity because 
samp 1e 
only 3“5 mg of were required for analysis. 
Values for soil samples from each quad rat were expressed as 
percentages of carbon, hydrogen and nitrogen. Measurements were 
accurate to ±2.0‘^ for carbon and hydrogen and ±0.3^ for nitrogen 
(K. Pringnitz, per;.comm.). 
^5. 
Carbon to nitrogen ratios were calculated as follows. 
Equation 2. C v N = X 
X = C/N ratio (with N = 1) 
(vi0 
Determinations of the available nitrogen content (ammonium and 
nitrate) of soil samples from transects A and F were undertaken by 
the Ontario Soils Testing Laboratory, at the University of Guelph. 
Thirty samples from two transects, undertaken in the study area, 
were oven dried (102'^C) and screened through 0.A17 nmi mesh. Samples 
were initially extracted with IN KCL. Soil to extracting solution 
ratio was 1:10, with a thirty minute shaking period. Ammonium 
determination was by automated distillation from soil suspensions 
or coloured solutions (Hanawalt and Steckel, 1967). 
Nitrates were determined by modification of the automatic determination 
of nitrate in seawater method (Brewer and Riley, 1965). (E. F. Gagnon 
(pert, comm.) ] Resu 1 ts were expressed as parts per million of ammonium 
and nitrates in each sample. 
(viii) boss on iQnH^on 
Determination of total organic matter in soil samples from 
quadrates 1-100 was accomplished through ignition of the soil in a 
Gallenj^amp muffle furnace (Hesse 1971)* 
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Screened (2.00 mm) peat samples were placed in weighed crucibles 
and oven dried (102°C) for 24 hours. Samples and crucibles were 
reweighed and placed in a Gallenkamp muffle furnace at 450°C for 
4i - 5 hours. Samples were cooled in a dessicator for 15 minutes 
and weighed. 
Loss on ignition (L.l.) of the samples was determined in the 
following manner (Hesse 1971). 
Equa t i on 2a . L. I . = oven dried weight (g.) - burnt weight(g) 
oven dried weight(g.)- weight of crucible(g) 
(ix) von Post hyniif[catjon of peat 
The state of decomposition of the peat in soil samples taken 
from quadrats was determined using the von Post humification scale 
(von Post 1924). A handful of peat was collected and squeezed, the 
colour and clarity of the exudate, and the condition of the remaining 
pulp were noted and a von Post humification value was assigned, (see 
Table M-13-) Humification of the peat was determined for 100 quadrats 
100 
in transects A-G. 
vX 
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von Post scale of dccomposit j on: This field test involves squeezing 
a sample of the organic material contained within the closed hand, and 
observing the color of the solution that is expressed between the fingers, 
the nature of the fibers, and the proportion of the original sample 
that remains in the hand. Ten classes are defined as follows: 
1 - Undecomposed: Plant structure unaltered. Yields only clear 
colourless water. 
2 - Almost undccoinposed: Plant structure distinct. Yields only 
clear water coloured light yellow-brown. 
i - Very weakly decomposed: Plant structure distinct. Yields 
distinctly tu>'biri brevm v'ater; no peat substance passes 
bet'.v''..ii ti.c ringers; residue fVit mushy. 
4 - Weakly decomposed: Plant structure distinct. Yields strongly 
turbid water; no peat substance escapes between the fingers. 
Residue rather mushy. 
5 - Moderately decomposed: pi ant structure st il 1 clear but 
becoming indistinct. Yields much turbid brown water; 
some peat escapes between the fingers; residue very mushy. 
6 - Strongly decomposed: Plant structure somewhat indistinct but 
clearer in the squeezed residue than in the undisturbed peat. 
About a third of the peat escapes between the fingers; 
residue strongly musliy. 
7 - Strongly decomposed: Plant structure indistinct but still 
recognisable. About half the peat escapes between the fingers. 
8 - Very strongly decomposed: Plant structure very indistinct. About 
two-thirds of the peat escapes between the fingers; residue 
consists almost entirely of resistant remnants such as root 
fibers and wood. 
9 - Almost completely decomposed: Plant structure almost 
unrecognisable. Almost all the peat escapes between the 
fingers. 
10 - Completely decomposed: Plant structure unrecognisable. 
All the peat escapes between the fingers. 
TABLE M-13.von Post scale of decomposition prepared by Dr.S. Zingle» 
Lakehead University, School of Forestry 1978. 
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f) Stratigraphy of the study area 
The stratigraphy of the study area was examined through a series 
of six peat corings. Cores were taken in each major vegetation zone 
from the east side to the west side of the study area (see figure 
M-l). The depth and type of peat deposit 
underlying each major vegetation zone provided good information 
about the age, history of disturbance, previous vegetation and soils 
of the study area (Walker and Walker, I961). 
Cores were taken with a peat corer on October 9, 1978. This 
corer does not produce a continuous core, it takes cores in 75 cm 
sections. Consequently, stratigraphic profiles were determined by 
removing a core for every 75 cm and describing it in the field. 
Each core was examined for distinctive peat strata the strata were 
measured, mapped, given a von Post humification rating, dominant 
peat forming materials identified, and finally each strata was 
placed in a labelled plastic bag sealed with a twist tie. 
pH of each strata was measured within four hours of collection 
(see Methods-Soi1 pH) and the remainder of the sample was frozen. 
I I I Ana lysis of data 
Int roduction 
Collected data was subjected to various analyses which included 
using the IBM 360/50 computer at Lakehead University, Thunder Bay, 
and the computer terminal located in the.Canada Systems Group (Est.) Ltd., 
office in Sault Ste. Marie, Ontario. 
^9. 
Analysis was directed towards the interpretation of vegetation 
relationships through the performance of individual species, ordination 
of quadrats and grouping of related species. Environmental factors 
were correlated, grouped by quadrat's location and tested for significant 
differences between locations. Finally, vegetation-environment relation- 
ships were explored on ordinations of quadrats based upon vegetation 
data only, on ordinations based on environmental factors only, and on 
an ordination of species based upon quadrats and environmental data. 
Using this approach it was hoped that the distribution of vege- 
tation could be related to environmental factors and that the controlling 
factors could be identified. 
Vegetation data 
Once the collection of vegetation data from all eight transects 
was complete it was compiled as two data sets. The first set consisted 
of the results from 1,110 point quadrats undertaken along the level 
transect which bisected the study area from east to west. The 
second data set contained the vegetation present in 100 25 cm x 100 cm 
quadrats located along transects A-G. 
Data from 1,110 point quadrats taken at 10 cm intervals was 
analyzed by calculator. The total number of hits for each species 
encountered along the transect was tallied over consecutive 3 metre 
sections of the transect. Presence is defined as "an individual or 
50. 
part of an individual rooted in the sample area" (G re ig-Sni i th, 1964). 
Frequency was determined from the number of samples within a subjec- 
tively defined vegetation unit containing the species as a percentage 
of the total number of samples in that unit. Coverdefined by 
Greig-Smith (1964 p. 5) as the proportion of ground occupied by 
perpendicular projection onto it of the aerial parts of individuals 
of the species under consideration- Per cent cover of each species 
was determined by the following formula. 
Equation 3- 
„ , _ . . number of hits of species A in 3 metres , Z cover of Species A = —r—-i —   x i OO total possible hits in 3 metres (30) 
Per cent cover was calculated for 30 vascular and bryophyte 
species for 3 metre sections of the 37 metre transect and plotted as 
cover histograms along the entire length of the transect. 
(ii) Bray and Curtjs ordinatjon 
Vegetation data from transects A-G was transferred onto computer 
punch cards organized in the Trieste (Ceska pers. comm.) card format. 
(Quadrats 1-100 were ordinated using a program written by Mr. 
for Lakehead University. 
E. Wang of the University of New Brunswick/' This program accomplished 
a two dimensional ordination of quadrats, based upon floristic data 
only, using the methods of Bray and Curtis (1957). 
Greig-Smith (1964), Whittaker (1967), and Kershaw (197 3) recommended 
ordination as an effective method of analysis when studying an area 
/could be 
whose vegetation may vary continuously in composition. It especially 
useful when dealing with vegetation along an environmental gradient. 
51 . 
were 
Quadrats ordinated in the following manner. Coefficients 
of similarity (C.S.) (Sorenson 1 948) were ca1cu1ated between all 
possible pairs of quadrats. From within the resultant matrix of 
C.S. values two plotswere chosen to act as the X axis end points. 
Whittaker's (1973) method was employed to determine the two most 
dissimilar quadrats. Once the X-axis end points were determined 
the program was run again and quadrats were ordinated along a single 
X-axis. Y axis end points were chosen using a modified Whittaker's 
(1973) method, in which end points were subjectively chosen from 
quadrats which fell in the midregions of the X-axis, and showed a 
high degree of dissimilarity in location and vegetational composition. 
The program was run again and quadrats were ordinated between the Y 
axis end points. 
Two dimensional ordination was accomplished by hand plotting 
of quadrats using the X and Y axis coordinates as generated by the 
Bray and Curtis ordination program. 
The resultant ordination was examined for evidence of quadrat 
groups or continuums by plotting subjective vegetation category and 
location of individual quadrats. Braun-B1anquet cover values of the 
30 most frequently occurring and ecologically restricted species were 
plotted at quadrat locations. Species distributions within the 
ordination were graphically illustrated. 
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(iii) Williams and Lambert Normal Analysis 
Vegetation data from transects A-G was examined for statistically 
have been 
significant species groups which might / present within the study 
area. This involved c1 assification of the vegetation, a 
technique long employed by individuals studying the floristic 
composition of an area. This involves arranging quadrats into groups 
(Greig“Smith 196^) whose members have common species which set them 
other were 
apart from/groups of quadrats. Because no two quadrats / identical. 
classification v^as 3^ arbitrary process. Species present in less 
than 10^ of the quadrats were excluded from Normal Association analysis. 
Classification of vegetation data was accomplished using a computer 
program written by Mr. E. Wang of the University of New Brunswick which 
emp1oyed 
/ Williams and Lambert Normal Association Analysis (Williams and 
delimited 
Lambert 1959 )• This analysis / groups of quadrats on 
the basis of the highest summed chi-square value for each species 
as calculated by a series of 2 x 2 contingency tables which compared 
all possible pairs of species. The species which had the highest 
was 
summed chi-square value / used as the criteria by which quadrats 
separated. This ^ a hierarchical classification of 
quadrats based on the presence or absence of several species which 
exhibited 
/ high degrees of association, negative or positive, with 
other species present in the study area. 
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Due to the relative homogeneity of the vegetation, resulting 
from its continuous variation along the gradient from muskeg to 
fen, the chi-square cut off value for determining groups had to be 
lowered from 3-84 (p ^ O.Ol) to 1.00 (p < 0.25) in order to get 
good group formation. This lowered the reliability of the Normal 
Association Analysis to 75^» but, enabled the program to run quite 
effectively and form groups ,rather than rejecting the data set and 
forming no groups. All quadrat groups separated at chi-square levels 
less than 1.00 were included with their group, whose formation was 
at a ohi-square value greater than one. 
(iv) PulQSlBfl ^§§9^ 9D 
Y999l§^l9G 9G1Y 
In December 1978 there was an opportunity to further analyze 
data from the study area using a program written by Mr. C. Wehrhahn 
(University of Saskatchewan) and run by Mr. R. Sims (Great Lakes 
Forest Research Centre, Sault Ste. Marie, Ontario). This involved 
use of Principal Components Analysis (P.C.A.) (Pearce, 1969) which 
produced ordinations of quadrats between as many component axes of 
variation as required. It utilized environmental data and 
vegetation data to produce axes. An explanation of how P.C.A. 
accomplishes ordination is given in the Vegetation-Environment 
Relationships section of the Methods of Analysis. 
5^. 
Vegetation data from transects B through F were used to produce 
a three dimensional ordination of quadrats. Detailed examination 
of the ordination showed that most of the information was contained 
in axes 1 and 2 and that this ordination was very similar to the 
ordination of quadrats resulting from Bray and Curtis ordination 
when inverted and rotated 90° to the left. Consequently, axis 3 was 
eliminated from further analyses. 
P.C.A. ordinations were examined for evidence of quadrat groups 
or continuums. Subjective quadrat classification and location were 
plotted on the ordination and the ordination was scrutinized for 
group formations. The arrangement of quadrats was compared with 
Bray and Curtis ordination of quadrats. 
b) Environmental data 
Analysis of collected environmental data was directed towards 
determining if any significant differences existed between environ- 
mental factors and their location within the study area and the degree 
of association between factors. 
(i) C1imatic factors 
Analysis of climatic factors (air temperature, soil temperature, 
relative humidity and precipitation ) was accomplished by hand 
ca1cu1ator. 
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(ii) Soils and g•'oundwater factors 
Analysis of soils and groundwater data was accomplished using 
the computer and by employing the Statistical Package for the Social 
Sciences (SPSS) program (islie^et 1975). 
Relationships between measured factors were determined through 
calculation of Pearson correlation coefficients, simple linear 
regression, and scattergrams plotted for each possible pair of 
factors. 
Significance between single environmental factors grouped by 
subjective classification and location in relationship to the fen's 
centre was undertaken through one-way analysis of variance and 
Student's t-tests. 
c) Vegetation-Environment Relationships 
(') Curtis Ordinatjon 
In order to determine if ordinated quadrats were sorted along 
environmental gradients, measured environmental values for each 
quadrat were plotted on the ordination and examined for indications 
of environmental gradients or discontinuities. 
Vegetation-environment re 1 ationships were analyzed using 
Principal components analysis. Jeglum (1973 ) also employed P.C.A. 
to determine if any vegetation-environment relationships were present 
in the Candle Lake Wetlands in Saskatchewan. 
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P.C.A. produces ordinations of either quadrats or species 
using axes derived from both floristic and/or environmental data. 
A P.C.A. was perform on data from transects B-F. The first two 
component axes of variation were employed. These were derived from 
a matrix A of environmental measures x quadrats (or species x quadrats) 
which was used to generate a matrix R of environmenta1s x environmentals 
(or species) in pairs. The eigenvalues and corresponding eigenvectors 
of the matrix R were ca1cu1ated and from these a component scorewas 
computed for each quadrat. These components were the new ordination 
axes, subject to the condition of mutual linear independence (Whittaker 
1973). 
The data was normalized rather than standardized. Walker and 
Wehrhahn (1971) recommendecporma 1 i z i ng for situations when the 
researcher wanted to identify underlying gradients in the data. 
Quadrats were plotted within the first two component axes. One 
ordination was based entirely upon environmental data, the other, an 
ordination of thirty-eight species , was based upon both floristic and 
environmental data. 
The ordination based upon environmental factors only was examined 
for groups of quadrats or continuums. The subjective quadrat classifi- 
cation and the Normal group membership of a quadrat were plotted on 
separate copies of ordination sheets. Groups of similar quadrats 
were ou 11ined . 
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An ordination of 30 species whose axes were based upon quadrat 
and environmental data was examined for species groups of ecological 
significance. Groups of species commonly associated in the field 
were enclosed by solid or dotted lines, depending upon the strength 
of their relationships. 
The P.C.A. program, additionally,produced correlation coefficients 
for each species and environmental factor and the first, second and 
third component axes. it also calculated the total proportion of the 
variation in data which was accounted for by each axis. This data 
which were 
was examined to revea1/^nvironmenta1 factors/significan11y correlated 
to the axes, and, which species were significantly correlated 
to the axes. 
the above regarding 
From / ^insight was gained / important environmental 
factors and individual species. 
Thus, in the previously described manner the data from the 
study area was collected and analyzed. The following section deals 
with the results obtained by the outlined methods. 
58. 
Resu1ts 
Introduction 
The first portion of the results section reports on the floral 
composition of the study area within William Bog, as derived from 
collections, observations, transects, and ordinations of the transect 
data. 
The second section documents the results of measurements and 
subsequent analyses of climate, microclimate, soils and groundwater 
data collected from the study area. 
The final portion of the results section deals with the relation- 
ships between vegetation and environmental factors through the use 
of ordinations constructed from floristic or environmental data. 
Vegetation 
List of species collected 
Throughout the period of study vascular plants, mosses, and 
hepatic species present within the study area were routinely collected. 
Epiphytic species were not included in the collection. This is not a 
complete floral collection of William Bog.’' 
A total of 71 species of vascular plants, representing 24 
families, were collected. Nomenclature is according to Gleason and 
Cronquist (1963)• 
■''Other collections have been undertaken by Dr. P. Bare 1 ay-Est rup 
and Mr. C. Carton both of Lakehead University. 
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The Cyperaceae was ^he best represented family with twenty 
different species from four genera^. Salicaceae was next, 
with nine species, and Ericaceae with six species. Collections, 
grouped by family^are listed in Table R-1. Family arrangement is 
according to Dal la, Torre and Harms (19 5^- Thirty-seven mosses 
were collected representing twelve families. The Sphagna were 
most common with twelve species. 
Of the remaining twenty- 
four moss species, two had interesting habitat preferences. LeptohryiAm 
pyriforrne (Hedw.) Wils was found growing on the body of a dead rodent 
,was 
and Splaohnum ampuZlacewn Hedw. , a coprophy11ous species ^col1ected 
on moose pel lets. 
Thirteen species of hepatics representing seven families were 
col 1ected. 
Nomenclature of the mosses Is according to Crum (1976) and 
nomenclature of the hepatics is according to Stotler and Crandall- 
Stotler (1977). 
were 
Although lichens common epiphytes in the study area, no ground lichens 
were collected from the surface where collections were concentrated. 
Eq uis e t aceae 
Pinaceae 
Cupressaceae 
Juncaginaceae 
Graminaceae 
Cyperaceae 
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Table R-1 
List of Vascular Species Collected 
Equisetum fluviatile L. 
Picea mariana (Mill) B.S.P. 
Larix laricina (Du Roi) K. Koch 
Thuja oocPdentalis L. 
Tr'tgloohin patustre L. 
Tvigtoohin maritima L. 
Catamagvostis oanadensis (M i chx.) Beauv. 
Muhtenberg'La glomerata (Willd.) Trin. 
Pkragmites oommunds Trin. 
Car&x aquatdZds Wahlenb. subs. aquat'Clds 
Carex bebhii Olney. 
Carex canesceru) L. 
Carex ohovdorrhdza L.f. 
Carex ddsperma Dewey. 
Carex exilis Dewey. 
Carex garberi Fern. = Carex aurea Nutt. 
Carex gynoarates Wormsk. 
Carex lasdoecurpa subsp. ameriaana Fern. 
Carex lasiooarpa Ehrh. 
Carex Idmosa L. 
Carex liv-ida (Wahlenb.) Willd. 
Carex tenuiflora Wahlenb. 
Carex trisperma Dewey 
Dutiohium arundinaceum (L.) Britt. 
Eriophorum angustifolium Honckeny 
Eriophorum spissum Fern. 
Eriophorum viridi-oarinatum (Engelm.) Fern. 
Sairpus oaespitosus L. 
Soirpus oyperimis (L .) Kunth 
Soirpua hudaonianus (Michx.) Fern 
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Araceae 
Calla palustris L. 
Juncaceae 
Junaus tenuis Willd. 
Lilliaceae 
Smilaoina trifolia (L.) Desf. 
Tofieldia glutinosa (Michx.) Pers. 
Orchidaceae 
Arethusa bulbosa L. 
Habenaria hyperborea (L.) R. Br. 
Habenaria nivea (Nutt.) Sprang. 
Pogonia ophioglossoides (L.) Ker. 
Sa1icaceae 
Satix amygdaloides Anders son 
Salix Candida Flugge 
Salix maooalliana Rowlee 
Salix monticola Bebb. 
Salix pedioellaris Pursh var hypoglauca Fernald 
Salix planifolia Pursh 
Salix pyrifolia Andersson 
Salix rigida Muhl. 
Salix serissima (Bal ley) Fern. 
Myricaceae 
Myrica gale L. 
Betu1aceae 
Alnus rugosa {DU Roi) Spreng, 
Be tula pumi la L. 
Populus balsamifera L. 
Santa 1aceae 
ComandTa livida Richards 
Sarraceniaceae 
Sarracenia purpurea L. 
Droseraceae 
Drosera rotundifolia L. 
Droaera anglica Huds. 
Saxifragaceae 
Parnassia palustris L. 
Rosaceae 
Fragaria virginiana Duchesne 
Potentitla fruticosa L. 
Potentilla palustris (L.) Scop 
Ruhus aoaulis Michx. 
Ericaceae 
Andromeda gtaucophy Via Lin k 
Chamaedaphne aalyculata (L.) Moench 
Kalmia polifolia Wang 
Ledum groenlandiown Oeder. 
Vacoiniian oxyooocos L. 
Vaooinium vitis-idaea L. 
Lentibulariaceae 
Utriaularia radiata Small 
Caprifoliaceae 
Loniaera villosa (Michx.) R. £ S. 
Campanu1aceae 
Lobelia kalmii L. 
Menyanthaceae 
Menyanthes trifoliata L. 
Asteraceae 
Aster laurentianus Fern. 
Solidago uliginosa Nutt. 
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Table R-2 
List of Mosses Collected 
Sphagnaceae 
Sphagnum mage Ilantaum B rid. 
Sphagnum squarrosurn Crome„ 
Sphagnum teres (Schimp) Hartm. 
Sphagnum recurvum var tenue Klinggr: 
Sphagnum recurvum var hrevefolium (Braithvx) Warnst. 
Sphagnum 
^hagnum 
Sphagnum 
Sphagnum 
Sphagnum 
Sphagnum 
fimbriatum Hook. S Wils. 
russowii Warnst. 
fusoim (Schimp.) Klinggr. 
aap-itltfolium (Ehrh.) Hedw. 
oapillifolium var tenellum (Schimp.) 
battioum (Russ) Jens. 
Crum 
Sphagnum subseaundum Nees. ex strum. 
Ditrichaceae 
Ceratodon purpureus (Hedw.) Brid 
Dicranaceae 
Dioramm polysetum Sw. 
Dioranum undulation (D. bergeri Bland) 
Splachnaceae 
Splaohnum anrpullaoeum Hedw. 
Bryaceae 
Leptohryum pyriforme (Hedw.) Wils 
PohPia nutans (Hedw.) Lindb. 
Pohlta wdhtenbergtt (W & M) Andr. 
Mniaceae 
Rhizomnium ccppalaohianum Kop. 
Rhizormtum pseudopunatatwn (Bruch. & Schimp.) Kop. 
Au1acomn j aceae 
Aulaoonm-ium palustre (W. & K) Schw. 
Amblystegiaceae 
CaVliergon gtgantevm (Hedw.) Llmpr, 
Call'tergon stramineum (Brid.) Kindb. 
Campyttvan stettaturn (Hedw.) C. Jens. 
Drepanootadus exannulatus (B. S. G.) Warnst. 
Drepanoatadus revotvene (Sw.) Warnst. 
Drepanootadus unoinatus (Hedw.) Warnst. 
Brachytheciaceae 
Pteurozium sohreheri (Brid.) Mitt. 
Tomenthypnwn ni-tens (Hedw.) Loeske. 
Tom&nthypnum nitens var faid folium (Ren ax Nich.) Podp. 
Hypnaceae 
Ptiliium orista-oastrensis CHedw.) De Not. 
Hylocomiaceae 
Hylooormiim splendens (Hedw.) B.SG« 
Polytrichaceae 
Polytriahum funiperinim var affine (Funck) Brid. 
Potytriahum striatum Brid. 
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Table R-3 
List of Hepatics Collected 
Pti1idiaceae (B1epharostomaceae) 
Ptilidium pulcherrimum (Web.) Hampe. 
Lepidoziaceae 
Lepidozia reptans (L.) Durrii. 
Calypogeiaceae 
Catypogeia neesiana (Mass. & Carest.) K. Mull, 
Cephaloziaceae 
Cephatozia hiauspidata (L.) Dum. 
Cephatozta connivsns (Dicks) Lindb. 
Cephatozia toittesbergeri Schiffn. 
Cephatozia tunutifotia (Dum. ) Dum. 
Odontosohisma denudaiPMn (Nees) Dum. 
Odontosohisma elongatwn (Lindb.) Evs. 
Ctadopodietta ftuitans (Nees) Joerg^ 
Scapaniaceae 
Soapania patudioota Loeske & K. Mull 
Harpanthaceae (Lophocoleaceae) 
Geooatyx gr*aveotens (Schrad.) Nees. 
Plagiocliaceae 
Mytia anomata (Hoak) Sf. Gray 
b) Subjective classification of the vegetation of 
66. 
the study area 
Within the study area there were severa1 obvious units of 
differed 
vegetation which in physiogamy and species composition. 
An effort was made to map the major units while in the field and 
to refine the units' boundries using aerial photographs. The 
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resultant map of vegetation units (figure R-A)vOas entirely 
subjective. It is 
a representation of the vegetation patterns present in the 
study area. Units are labelled according to their physiognomy and 
dominant vegetation. Figure R-A is primarily for orientation 
within the study area and to provide a preliminary classification. 
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ZONE 1. 
Pi.oea mariana muskeg forest dominated the area east of the fen 
consis ted 
(zone 1). It wasfairly dry and of a mosaic of dense trees 
and more open treed shrubby patches with Chamaedaphne calyoutata in 
open sites and Ledum groenlandicum in shaded sites. The moss layer 
contained • ^ r , ^ ^ , r 
a variety of aged Sphagnim spp. hummocks often capped by 
Pleurozinm sohreberi y a few Hi/looomnium splendens and frequently 
interconnected by small Dioranum polysetum hummocks. 
ZONE 2. 
Next to the pipeline, in the extreme south-east corner of the 
started 
study area, therewas a region of wet transition which abruptly 
from the eastern muskeg (zone 2). This small sitewas dominated by 
large Sphagnum mageltani-oum hummocks topped with a dense growth of 
Andromeda glauoophylla shrubs. Hollows are deep pools that often 
contained was 
Phragmites communis. This species often found growing 
from the centres of S. magellanicum hummocks in zone 2. 
ZONE 3- 
North of the wet transition (zone 2) and directly west of the 
/there was 
muskeg a distinct dry transition zone dominated by Chamaedaphne 
ca'Lyculatay Kalmia polifol-’ and Vaociniurn oxycoaaos. This zone was 
dotted by clumps of Picea rnariana less than 2 metres in height. The 
cons i steel 
moss layer of well developed Sphagnum fusoum hummocks whose 
were 
tops covered with Vaocini'um oxyoocaos y Carex chordorrhiza and 
Polytriohum juniperinum var affine. Hoi lows between the hummocks were 
either shallow pools or loose tufts of Sphagnum magellanicum or 
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Sphagnum reourvum or small hummocks of the less common Sphagna, 
particularly the varieties of S. reourvum, 3. tenue and S» hrev-ifoti-wn, 
ZONE 4. 
The dry eastern transition graded into a wet transition zone 
immediately to the west. This zone (zone k) wasdominated by large, 
loose Sphagnum mageltanicum hummocks, wet hollows, and a mosaic of 
drainage tracks. This area lackeda distinct shrub layer. Hummocks 
topped by Sarraoenia purpurea, Drosera rotundifolia and Carex 
supported 
limosa. Hollows frequently growth of Fotentilla palustris 
was 
and Menyanthes trifoliata. Equisetum fluviatile very common, but 
was 
does not achieve high cover. The Carex spp. flora somewhat 
rest ricted . 
ZONE 5. 
wa s 
To the west is zone 5, a fen which predominantly narrow 
leaved Carex species {Carex exilis, Carex gynoorates dominant) 
forming the matrix in which large, well developed, moist Sphagnum 
occu r red 
magellanioum hummock periodically. The larger of these 
hummocks were topped by the same species as zone k hunmocks. Hollows 
, ... , , sus ta i ned . r . 
were el so similar to zone h, but many species of Carex and 
Utrioulcuda radiata. It is in this zone that most orchid species 
were collected and insectivorous plants were most frequently encountered. 
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ZONE 6. 
Zone 6 '^^^one of the wettest parts of the fen. This was a 
quaking mat of narrow leaved Carex species similar to those in 
zone 5. There wereno hummocks or hollows, mosses common to this 
sitewere Drepanoatadus exannulatus ^ Soorpidium sooTp'to-ides Campytiirni 
steVlatwn, Autaoomni-um paZustre y CaZZiergon gigantewriy Sphagnum 
subseaundum, and Sphagnum teres. These are the brown mosses (Ahti 
and Hepburn, 1967). The orchid Arethusa buZbosa'^^^ particularly 
common in this site. This site'^^^ usually under at least 25 cm of 
water. 
ZONES 7 and 8. 
A floating mat of Carex spp. peatwas present in the fen's centre, 
it consistedof ^ ring of Phragmites oormun-is (zone 7) surrounding a 
patch of Eriophorum spissum (zone 8). This floating mat complex was 
also found in the northwest corner of the fen. Peat'^^^ well 
decomposed, water'^^^ usually over 50 cm in depth. These zones had 
little other vegetation within them except for an occasional member 
of the brown moss group, UtriouZai*ia radiata, and numerous individuals 
of CaZZa paZustrie. 
ZONE 9. 
This;^a5 ^ narrow band of very shrubby vegetation immediately 
W0 
west of the fen. Its westernmost regions dominated by SaZix 
species (including SaZix pedioeZZar-is, S. pyrifoZia, S. candiday 
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S. serissima^ S. maocalliana) greater than 1.5 m in height. Towards 
the fen Myrica gate'^as dominant and Loniaera viltosa was often 
present. The understorey was largely thick tussocks of Sairpus 
oaespi-tosuSj Sc'irpus hudsonianus and mixed Carex species. {Carex 
tivida, C. tasiooarpa and Eriophorim viridi-oarinatim). Sphagna 
exis ted > 
were rare, when present they as small hummocks between Sairpus 
spp, tussocks. Sped es incl uded haltiauiriy S. fimhriatum and 
S. russowii. a vasculars such as Potentitta frutiaosa 
and Rubus aaaulis'^^'^'^ present. 
ZONE 10. 
The shrubby wet transition (zone 9) graded into an open wet 
transition to the north and northeast. Thi^^^ an open site, 
consisting largely of Sphagnum magellaniaum hummocks, shallow 
hollows, and widely spaced Larix larioina. Itwasa broad, wet 
transition zone with several drainage tracks running through it, 
usually in a south-west direction. Its herb 1ayer was restricted 
to the occasional hummock top sustaining Sarraoenia purpureat 
Drosera rotundifolia y Eriophorim angustifolium and Carex limosa. 
Hollows dominated by Equisetum fluv^rat^Ze. Zone 10 was separated 
from zone 3 by a narrow stream with perceptible flow, bounded by a 
well developed Carex lasioaarpa zone on either side. This stream 
emptied into zone 5- 
ZONE 11. 
Immediately north of zone 10 is zone 11. This'^^s a well 
developed stand of Fiaea maricma and Larix laricina (ratio approxi- 
mately 3 to 1) growing on a peaty substrate dominated by broad leaved 
Carex species {Carex aquatilis ^ C. pehbi'i, C. tenu'ifolia^ C. lasiooarpa) 
and Carex disperma and C. limosa. Sphagna were rare in the moss layer, 
although old erroded hummocks werevistble between the tangle of tree 
roots, open water and Carex species. 
ZONE 12. 
Finally, zone IZsupported a thick growth of Pioea mari-ana^ 
Thuja oaoidentali-s and Larix lariaina forest whichoccupied the 
extreme western reaches of the study area. Zone IZended abruptly 
with zone 9 anclgraded into zone 11. Its understoreywas dominated 
. . could 
by Calamagro stzs oanadenszs in sites where light penetrate. 
The site has a large hepatic flora tucked in beneath the conifers. 
Species common to this s i te were Z--ia anomala^ Cephatozia loitteshergii 
and Odontoschisma elongatum. 
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Legend of vegetation zones illustrated in Figure R-4 
1. Picea mariana - Muskeg forest EAST 
2. Andromeda glaucophylla - Sphagnum magellanicum wet Transition zone EAST 
3. Chamaedaphne calyculata - Sphagnum fuscum Dry transition EAST 
4. Equisetum fluviatile "• Sphagnum mage 11 anicum wet Transition zone EAST 
5. Equisetum fluviatile - narrow leaved Carex hummocky Fen RA.ST and NORTH 
6. Equisetum fluviatile - narrow leaved Carex wet Fen CENTRE 
7. Phragmites communis floating fen CENTRE and NORTH 
8- Eriophorum spissum floating Fen CENTRE and NORTH 
9- iVlyrica gale - Salix spp.- Scirpus ^et Transition WEST 
10. Larix laricina - Sphagnum magellanicum wet Transition NORTH 
11. Picea mariana - Larix laricina - broad leaved Carex Muskeg NORTH and WEST 
12. Picea mariana - Thu.1a occidentalis - Calamagrostis canadensis Muskeg WEST 
73* 
figure R-A Subjectively determined 0 10 20 
vegetation zones in the 
study area occupying a metres 
central region of William Bog, Thunder Bay. 
c) Aae^ of trees in subjectively defined vegetation zones 
The largest and tallest tree present within subjectively 
determined muskeg, transition and fen sites east and west of the 
fen's centre were felled and their ages determined from disks 
removed at moss level. 
Table R“5 outlines the results of ring counts. The largest 
trees in muskeg sites were P'ioea mar-iana. The western muskeg 
tree was slightly taller and had a greater D.B.H. although younger 
than the eastern muskeg tree (100 years west, 106 east). Larix 
larioina dominated the transition zone, trees were also much 
younger in transition zones than the Piaea mariana on muskeg sites. 
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The eastern transition tree was slightly older and larger than its 
western counterpart (62 years east, 5^ years west). Larix lar'icina 
was also common in the fen. An average specimen was 12 years old, 
2 metres high with a diameter of 2.5 cm at breast height. 
Table R-5 
Zone 
Eastern muskeg 
Western muskeg 
Eastern transition 
Western transition 
Fen 
Ages of largest trees in subjectively 
determined vegetation zone 
Species 
(1) Fieea mariana 
(12) Picea mariana 
(3) Larix lar'lQina 
(S) Larix tarioina 
(5) Larix laricina 
Age 
(moss 
evel) 
Disk 
Diameter DBH Height 
106 years 12.75 cm 11.4 cm 6.5 nri 
100 years 15.40 cm 14.2 cm 8.0 m 
62 years 10.8 cm 7-8 cm 3*5 m 
54 years 10.8 cm 8.5 cm 3.3m 
12 years 3.1 cm 2,5 cm 2.0 m 
Species cover over an east-west transect of the 
study area 
Objective measurements of species cover, along a single leveled 
transect bisecting the study area from east to west, were undertaken 
using point quadrats. (See Methods section 1.) 
Figures R~7, R~8, R-10 and R-11 illustrate the per cent cover 
of vascular and bryophyte species in 3 metre segments of the transect. 
Tables R-6 and R-9 document the percent frequency of species encountered 
along the transect in each major subjectively determined vegetation 
zone. 
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The vascular species whichwere common to all vegetation zones 
are Chamaedaphne odlyaulata^ Vacodniim oxyooocos^ Equisetum fluviatite, 
Andromeda gtaueophylla, and Carex limosa. Of these species, Equisetum 
fluviatile achieved the highest cover values in east muskeg, east dry 
transition, fen and western wet transition vegetation types. Itwas 
least often encountered in the western muskeg. This species appeared 
to have a fairly broad ecological amplitude* Vaoainium oxycoaons als^i 
appeared to have a broad ecological amplitude, it was least common in the 
eastern muskeg. 
continued on page 84. 
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Table R-6 % Frequency of vascular species in subjectively 
defined units along E-W transect- Data compiled 
over consecutive three metre sections of the level transect. 
Species East Muskeg E. Dry Trans. 
E. Wet 
Trans . Fen 
W. Wet 
T rans. W. Muskeg 
Chamaedaphne 
Ca1vculata 
Vaccinium 
OXVCOCCQS 
EQUisetum 
f1uviati1e 
And romeda 
q1aucQphy11 a 
Ka 1 m i a 
polifolia 
Ca rex 
1imosa 
Sm i IcLc i na 
t r i f o 1 i a 
PiG£a 
mariana 
Ledum 
q roen1 andicum 
Ca rex 
L rispe rma 
E riopho rum 
Viridi- 
ca r i na turn 
Ca rex 
chordorrhiza 
Drosera 
rotundifolia 
33-3^0 
66.6 
100 
33-3 
33-3 
66.6 
66.6 
100 
100 
100 
33-3 
100 
100 
100 
A2.8 
71 
85-7 
1 A.3 
0 
57-1 
28.5 
100 
71 
42.9 
100 
100 
66.6 
100 
33-3 
100 
0 
0 
0 
100 
33-3 
33-3 
46.2^^ 
76.9 
100 
69-2 
0 
100 
7-6 
0 
0 
23.0 
100 
100 
75 
0 
100 
0 
0 
0 
15-4 
37-5 
62.5 
66.6^ 
100 
33-3 
33.3 
0 
100 
33.3 
33.3 
66.6 
0 
0 
66.6 
66.6 
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Table R-6 continued 
Species East Muskeg E. Dry Trans. 
E. Wet 
T rans. Fen 
W. Wet 
Trans. W. Muskeg 
Eriophorum 
angustifo1ium 
Carex exi1is 
Menyanthes 
trifo1iata 
Scirpus 
CaespItosus 
Utrlcularia 
radiata 
Eriophorum 
spissum 
Carex 
lasiocarpa 
Myrica gale 
0 
0 
28.5 
0 
0 
0 
0 
0 
66.6 
100 
100 
33.3 
0 
0 
0 
0 
30.7 
76.9 
76.9 
30.7 
61.5 
30.7 
23.0 
0 
12.5 
37.5 
0 
0 
0 
0 
25.0 
75 
0 
0 
0 
0 
0 
0 
66.6 
100 
Figure R~7 Percent cover of vascular species determined by point quadrats 
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Table R-9 % Frequency of bryophyte species in subjectively 
defined units along E-W transect . Determined 
over consecutive three metre units. 
Species E. Musk E. dry t rans. 
E. wet 
trans. Fen 
W. wet 
t rans. W. Musk 
Sphagnum 
mage 11 anicum 
Sphagnum fuscum 
Sphagnum recurvum 
Po 1V t r i chum var. 
juniperinum affine 
Tomenthypnum nitens 
^ r f a 1 c i f o 1 i urn 
Tomenthypnum nitens 
Aul9comniurn pa lustre 
Sphagnum subsecundum 
Drepanocladus 
exannulatus 
Campy ] I urn sI^JLialym 
100'-^ 
100 
66.6 
33.3 
66.6 
66.6 
0 
0 
0 
0 
100'^ 
100 
71 .4 
85.7 
14.3 
42.9 
42.9 
0 
0 
0 
33.3‘^ 
100 
66.6 
38.5^ 
7.6 
0 
15.4 
7.6 
7.6 
0 
15.4 
38.5 
7.6 
100^^ 
37.5 
100 
62.5 
0 
0 
12.5 
0 
0 
50 
33.3°^ 
33.3 
100 
66.6 
66.6 
100 
0 
0 
0 
o 
Figure R-IO Percent cover of most frequent moss species determined 
by point quadrats totalled over consecutive 3m sections 
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transect 
Chamaedaphnc calijcmlatasNas most common in transition zones, east, 
west, wet and dry. It was least common in muskeg and fen sites. 
Andromeda gtaucophytla achieved its highest cover values in wet 
transition zones and fen. 
Although Ledum groenlandiaum did not appear in point quadrats 
taken in wet transition zones or the fen, it was common to east 
muskeg, dry transition and west muskeg. Kalmia pol-ifolia h^d the 
greatest frequency in the east dry transition zone and appeared in 
eastern muskeg and eastern wet transition zones. Pioea mariana 
occurred excl us i vely in east and west muskeg sites, itappeared most 
frequently in the east muskeg. Smilacina tri/oZfa was most frequently 
encountered in the eastern muskeg, however, itwasalso present in 
western muskeg, eastern dry transition zone and fen. In open sites 
Smilacina trifolia grew on the tops of well developed Sphagnum spp. 
t He hummocks. Car ex trisperma occurred on east side only, in muskeg 
and dry transition zones. 11 was common 1y encountered in somewhat 
sheltered sites. 
Eriophorurn viridi-carinatum ach\ eved its highest cover in eastern 
dry and wet transition zones, it was absent in western sites. 
This species often grew on the tops and upper edges of Sphagnum spp. 
hummocks. Carex ahordorr hiza also grew on Sphagnum spp. hummocks, 
usually forming a cap on its top. It was most frequently encountered 
in the eastern dry transition zone, although it also grew on hummocks 
in the western muskeg and in both wet transition zones. Drosera 
rotundifolia common on damp sides or in sheltered sites on 
85. 
well developed Sphagnum app. hummocks. it was most common in the 
western muskeg and wet transition. Ein-ophovurn arujustifoliurn was 
most frequently found growing in the eastern wet transition zone. 
Its optimum hab i ta tappeared to be wet transitions or fen sites. 
Carex appeared to have very similar habitat preferences. 
Menyanthes trifo I lata occur redr]ost frequently in the eastern wet 
transition and fen in very wet sites, usually the hollows between 
hummocks. Soirpua caespitosus occupied simi lar habitats, but, was not 
as common as Menyanthes trifotiata within the portion of the study 
area bisected by the transect. 
Utricularia radiata and Eriophorum spissu/nvjere restricted to 
fen sites, especially in very wet hollows and in quaking mat locations. 
Carex lasiocarpa and Myriaa were present on the west side 
of the fen only. Carex lasiocarpa appeared rnost frequently in hollows 
in the west muskeg. Myriaa c/a/tJ dominated the western wet transition 
and muskeg, producing a dense shrub understorey. 
Of the bryophytes encountered in point quadrats taken along the 
leveled transect line Sphagnum magellanicwri appeared in every sub- 
jectively defined vegetation zone. Sphagnum fuscum occupl ed a drier 
habitat than Sphagnum magellaniawn and was absent from the fen. 5. 
mage llaniaum QppQQ red thrive in wetter sites, i t formed very loose 
wet hummocks and S. fuscum often grew on their tops. Sphagnimi 
reciwvum common on the edges of these hummocks. 11 was especia 1 1 y 
common on the west side of the fen. Polytrichim Juniperinum occurred 
on the dry tops and sides of these hummocks. It is most frequently 
encountered in open sites of the eastern dry transition and western 
86. 
wet transition. Tomenthypnurn nitens and Tomenthypnutn nitens var 
fataifoliumoccu^\edMery similar habitats on hummocks in sheltered 
sites. T. nitens vai' falcifoliu/nvjds less often encountered in 
open sites. Aulaoomn-iion palustreformed small hummocks on the wet 
edges of larger Sphagmm spp, hummocks. Its optimum habitatwas 
the drier upper edges of hummocks. It wasmost common in the 
western muskeg. 
Sphagnum subseoundum and Drepanocladus exannutatus grew 
exclusively in the fen in the very wettest sites. Campylium 
stellatum of ten formed small hummocks in wet sites in the fen and 
western wet transition zone. 
Objective measurements of cover, for vascular and bryophyte 
species present along a 37 metre transect which traverses five 
vegetation zones, reveal that species appear to have preferred 
habitats and do not grow uniformly through the study area, although 
there was some overlap between the preferred habitats. 
e) Transects A-G 
(i) Subjective cover values of species sampjed 
by 9y^drats 
Seven transects were run from muskeg to fen. Vegetation cover 
was determined subjectively using a Braun-B1anquet cover scale (see 
Methods I). Tables R-12 through R-l8 document the cover values for 
each species in quadrats 1-100. Braun-B1anquet values were summed 
for each transect and for all seven transects in Tables R-22 and R-26. 
87. 
Mean Braun-Blanquet cover percentages were determined for species 
along transects lying east, north and west of the fen and were 
documented in Table R-23. 
Examination of species distribution and cover along transects 
and around the fen from east to westwas undertaken in this section 
of results. 
Table R-I2 
88. 
BHAUN-BLANQUl-.X COVER OF SPECIES PRESENT IN 25 x 100 cm QUADRATS 
SPECIKS QUADRAT NUMBER - TRANSECT A (east side) 
   1 2 3 4 5 6 7 e 9 10 11 12 13 14 15 
PiLma mgricifiu -f 4 1 4 
LlViFr    
Th\un  
Icdif’! (irounlividiinim 13 11   
Chiim-t<%lii’hn>i. ctKdiihtia ' 221 322314 3 2 2 -f ^■ 
Andromeda glaucaphijlLa ~ I'l \ + 111 * 
Kulmiu yolLfolia ""^1 1 1 1 1 -f 1 + 1  
Piif.ula inmt la 
A Lnuu ci'iupa  
Salix monttcota ” “ 
i.^nlocva viVtooa ' 
Mijricn (jaTc ' 
Vnot't nit-tm oxycarCQ n 
\/aacinium~virti 
Ruhiw arautvo 
SinrLicina it'ifolia 
111 + 121231 1 
Mowjan tUiir. 
Gaultharla 
Guucauton 
1 + + 112 
fucilQli htaptau at a 
 —  —Liuiuim! ■ Trtglochtn man tima 
ilia patueln j caLl  
Dronera roTund'iJTjJ I'd" 
+ 111 
Sarraaeag Ui.n euln 
purpurixi 
arm rudiata 
Ccirrx 7: V I da 
'~Cdt‘ex cfiurdofr}lli’.(T 
~ CdrvT. lar.inriivpa 
Cat ex ~gym>idcPd tA9~ 
~i'‘/irvr v.rflTn 
"Carax LimdSd 
Carex /•aneuaenA 
Tdrex Truimnn'S  
Carrx irtnperm'id 
raiu-x •nT.riprrmn  
Carex garDeri 
-TdfaTW^StrtdTa' 
t'axex 
I 2 2 3  
2 1  
2  
 3 3 
 3 4 3 
_______  1 2 
EriphoTCum apiAaum   
Eriophovuin anpuji Ll f.ilLum  
Triophorum vLrL.iI-.cn.rLiL-xtum 
Frioi7hpvm MU‘  
Seil’pua ceapitOiiLsi  
S'rirouu hudacinLunum  
Phfm/mitco .CQiwnuiLia   
« u<a-»lii.wrou iia eanadvnnin 
Enuineiim CluviaLila  
P'-yh’divd.1 h.d Lon [eetAiraL 
CephalQ.1 ia luiiulifQ.lia  
< '■ dt I imvi L- lon'/aLum  
Mijlia unoi'iala   
■leapan i (i iigludii'D la  
.'■/Ii'Vjnum ficviim 
■ '^laGntMii veaurvum 
4 5 1 4 5 5 2 3 1 4 
11221241 
'^^jhagnum recuroum oar, tenue 
Sphagnum recuroun oar, brevcfoliim 
Sphagnum mage Ilanicum 
Sphagnum capi 11 if QIII^ 
12 2 3 2 5 14 3 
Sphagnurn uuIfran urn 
I'nljivichum ,iuni-pvrilium vgr aft'ina2_± l_ 1 1 
A ij 1 n‘ *' ''"'n I urn pa! till I > 
Qgmu. 
2 2 1 
Ilium iitettatuni 
I’ I ~l ~juieii I i/ih. l.ui'l 
PIeuror.tum aahrvheri 
l^'ih T 'll iiu t ani 
fPr 
'ILl’lI • laduB unr'i nafun 
J: SlalOTT W, Tfirivn t hyi num ni t ■ >i~: _ ZZ_TZ_I-r! 
n Hi tpv.ttn i7i Lone ear. j'alci t\.>Ttum 
/nr ■' '""‘II urn piivudapuna t a iaim 
77 
77777 
vr,r[•^ 
X7T in ' an am 
jSvar t .'-111 1 
Table R-I 3 
89. 
BRAUN-BLANQUET COVER OF SPECIES PRESENT IN 25 x 100 am QUADRATS 
SPECIES QUADRAT NUMBER - TRANSEX:T B (aaat aide) 
 16 17 18 19 20 21 22 23 24 2') 26 27 28 29 30 
Pioaa martana 
Larvx Larioina 
2 2 4 3 2 
Thuja ooaidtmtaiie 
Kaimia polifoTia 
Ledum groenlandioum 
1 2 1 
Chtmaadaphno aal^auluta 
AnJromeda qlauoovhx4tla 
2 2 
2 3 2 3 2 J I j, -w. 
Bo tula pumilg 
3 1 
Alnue oriapa 
Sat-LX montiaota 
Loniaera viIloaa 
Muriaa ualo 
Vgoainium oxnaoaooe 
Vaaoinium vitie-id&eei 
1 * 1 1 3 2 112 12 11 
Ruhuo aaaulio 
+ 1 
Smilxcina trifolia 
^nyanthce trifoliata 
2 2 2 1 11 + 12 1 
Gaultheria hiapidula 
GeooauLon livxdum 
Trigloohin maritime 
Cal la paluetrie 
Drooora roiuruiifolia 
Sawaoena purpurea 
Utrioularia radiata 
1 1 
Carex livida 
Carex ohoydorrhiza 
laetooarpa 
1 1 1 
Carex 
Carex gyrmoaaratea 1 1 
Carex exilia 
limoea Carex 3 3 2 
Carex aanoeoone 
hromoidea Carex 
Carex triepermg 
aperma Carex 
Carex goTi 
Carex pauo-tflora 
Carex ep  
Eriophorum epteaiW 
Eriophorum anguBtifolium 
Eriophorum viridi-aarvrxatum 
Eriophorum np. 
Soirpue oeepttoaie   ept 
Sairpua huaounianwn 
Phragmitea oonmime 
CalcLmagroutle aanudanaio 
Equioetum flui’iatite + 1111111 
Cephalozia loitloobergi 
Caphatoitia lunulifuli a 
ddonioaohloma elongatum 
Mylia cmoma la 
Saapania patuaioota 
Sphagnum fuaoum 2 2 5 3 4 5 2 
Sphagnum ronur'Vum 
Sphagnum magelluniaum 
5 2 
4 3 4 3 3 5 3 
Sphagnien oapitlifolium 2 2 
Sphagnum uu Ifiariion 
Polytriohurn JunCporinu/n 
var. affine 
fuluoo'iBt!um yalueLra 
Campijllium etallatum  
Dteranwn puLuaeLum  
+ 2 3 1 1 1 
3 2 
Ptour in'ui’i luit't 
IPohlia nutana 
Prapanoalaiiun unoinatuo 
Drepanoaladua revolvena 
Tomrnlhiipnim ni time 
Tcimentnypnum nltena 
var, futnifolium 
Rnizomnium paeuciopunatatum 
Soorpidium aaorpoiJea 
Calialadium haldanianum 
^aratadoH purpureua 
Table R~\k 
90. 
BRAUN-BLANQUET COVER OF SPECIES PRESENT IN 26 ,x 100 cm QUADRATS 
SPtCIES QUADRAT NUMBER - TRANSECT C (north side) 
   31 32 33 34 3S 36 37 38 39 40 41 42 43 44 4S 46 
Piaea mariana 2 5 2 4 3 4 J  
Larvx laricina + 4_  
Thida ocaidentalia   
Ledum qroenlandiciun » 2 2 1   
Cha^edaphne. oalyculata 1 2 3 4 2 2 2 2 3 2 2 2 112 
Andromeda ulaugophulla   1 1 1 3 2 1 2 2 1 
Kalmia polifolia 1   
be tula pumila   
A Inue oriepa      
Salix montioola  
Lonioera yilloBa   
Muriaa fjdte ~ +12 1 
Vaoainium oxuooacoB 
Vaaoinium UtttB-tcjaea 
Rubua aaaulie 
Smilioina trifolia\ 
Menyantheo trifoliata 
Gautthartg hiapidula 
Geooaulon lividum 
friqtooUin maritina 
Cat la patUBtrie ~ 
Droeera rotundlfotia  
Sarraoeria purpui^a 
Utriouiariaradiuta 
116 2 1 111 1111 
1 E 1 2 2  
1 2 
+ *■ 1 
± _2  
 1 2 
Carex lioida  __J 2 1 
Carex ohordorrhiaa 2 2 
Carex laBtoaarya   
Carax gymnoaarateo  £ 2 
Carex exilia    
Carex limooa 4 3 3 S 3 + 2 3 4 2 
Canix ci-meaoiirtB   
Carex hromoiJee  ' ' " ' 
Carex trieperma   
Carew dvevermg 
Carex garberi~ 
Carex pauoiflora  
Carex BP. 2  
Ertnphorum opi'enum    
Eriophorum anguetifoliun  
Eriophorum vir%di-carinatum   
Eriophorum sp, 1  
SoirpuB oaopitooia   
SotrpuB hudeonianum    
Phranmitro ouirrnuniu   
CaleLmadroBtia oanadeneie  
Equiaatum fluviatile _     + E 1*-111111 
C^haloaia loitleahergi      
CephaluH i a I unuLLj'uLLa   
odimt.oiii'ht nma i'hmunt   
My L t a 'anoma I u   
Saapfiniii pa I Uillaulu   ________________ 
Sphngiiiirn J'nii.’iim 3 3 _ ” 5 13 4 3 
Sphaitnum reouruum 3 2 3 4 3 2 2 3 3 3  
Sphagnum ruaurvun vur. tonue 2 
Sphagnum magellanioum 3 2 32 2142232 
Sphagnum oaptZZlfolium 2 3 3 
Sphagnim ituTfianum   
Polytriahum Juniperinurn 
 oar, affine  1 1 1  1111  I  
Autdoomnium pgluatre 1  
Campyllium atellatim  
Dioranum polyaetum 1  
Pleurosium ochrohnri  
Pohlia nutana    
Drcpanoa laduo ~unci. natua I  
Drepanoaladua revotoena   
Tomrn f.h;/r>num niig-nn_      
Tomenthypnum nitena var falaifolium  
llhiiumin ium iiiiuudupunata I urn  
Soori>idium eoorpotdee         
Ca ntslaiJi. uiri hu Ulaniunivn   
Ceratadon purpureue   
BMUN-bLANQUET COVER OF SPECIES PRESENT IN 2S x 100 am QUADRATS 
Table R-1 5 SPECIES QUADRAT NUMBER -TRANSECT D (north aide) ^ 
47 48 49 50 61 S2 63 54 55 56 57 58 69 60 61 
l‘%noa mariana  1 1 1 4 S 2 2  
Larix larioina +  
Thu.ja oacidonLalin   
Ladu/n ly roen Landiawn 111 121  2  
Chamaedaphne oaty autata 424222523231 1 1  
Andromeda glauaophytta 1 1  111 II 1 2 
Kalmia polifolia 1 1 1 1 111 1111 
Re tula pumila  
Alnue ariopa  
Satvx monticola  
Lomoerg uilloaa 
Murioa gale  
Vaaoiniim oxnoooaoa 1 1 1 11111 y- 
Vuiyit!. ni ii/n oi' I i' o-   
RubuB aaaulia  
Smi I { aZna t ri folia 111 1 ?■ 2113  
Mennanthea trifoliata   
Gaul then'a hiapidulq_  
Geooaulon   I  
Trigloohin martt%ma    
Calta paluatrie  
Droeara. rotundifolia y- 1  1_ +   y- 
Safddena purpurea    y- j  
Utrioutaria I'udiata  
Carex lioida   
Carex ohordorrhiza 3  2 4 2 2 
Carex taaiocarpa  
Carex aumnooaratee 
Carex ext Ha  1 
Carex limooa 3+11 y + 1 133 
Carex oaneeaenB 1 + 1  
Carex bromoideo +  
Carex triapermq  
Carex dieperma 
Carex pauciflora  
Carex ap.  
Eriophorum apiaaum 
Ertophorum anejuatifolium 
Eriophorum viridi-oaring turn  1 
Eriophorum np,  1 1 
Sairpua aeapitoaia  1 
Sif! rpuii huiinon lanuni 
Phragmitea ootmunia   
Cg kimagronti n ntintidi mnin   
47 48 49 50 51 52 53 54 SS S6 57 S8 59 60 61 
Equiaotum fluvi.ntilc 111111 111 
Cpphalnzia lpjtleaher£i  
> 'vjjhaLuiiiu Iunul LfoL La  
diiontnunhi nma i:l oniioatum   
Mqlia anomala  
GcapanLa pa Iudiaola  
Gpha inum ftinoim   
Sphagnum r» icuroum^   
uphqiini-t/n "iwgc L Ian Lomn 
'll>hagnum oapi I li folium 
Sphagnum uiulfianurn  
 5 2 2 5 2 3 5 4 
2 3 2 4 2 5 3 2 4 3 3 2 
12 2 1 112 2 
Polytriohum Juniperinum 
I’.ir gfj'iiu;   f J  7 7 7_ 
Aulaoormium paluetre  1  
C(jm[>[jl.lium iiLol lat.um  7 
Diaranum polyeetum 1 i   
l‘lHuron; um aohri ■bf’ri 1 7 
Pohlia nutana   
Prapanoaladuu unoi yiatuu   
Drepanoaladua revoiuena  
Tomenthi-tfmum nitene 1 1 
Tomenthypmm ni tena 
   Oar fa Lai folium 1 
/fhinorm > um pnrudopunotati4m 
SoorpiJTum aoorpoulea  
CaliataJium haldanianum 
Ce ~rataAon purvureue 
Table R-lb 
SPf^CTKS 
FTtfi/rt inartanti 
,1. i|, I. 1  .-I, T—  —, 
r.rjrt ir I firi >M ufi _ 
nu.fa oaotdaritalie 
HHAUN-bLAHiiUtn’ t'OVk'H Uh‘ iJl’itCniS PHh'i!t:ST IN US x 100 cm QUADRATS 
QUADRAT NUMBER - TRANSECT E axda) 
Cr. 03 61 6S 66 67 66 69 70 71 7?. 73 74 7S 
T ' •; ~ V~ 4r 7. 1 ■ 
7 7 
Ledum aroenlandiaum 2 1 3 1 
Cha^adaphnn aalyoulata 
Andpomeaa alauaophutla 
2 3 11 
Kalmia potifolia 
Betuta pumita 
+ 1 
AInuB oriepa 
Salix montiaola 
LonioetKi pillooa 
Murioa gale 3 3 3 3 2 
Varninium oTUi^oc^op 
Vaoaxnturn vitie 
Rulmn aoaulin 
Smilioxna trifolia 
Menuanthnn tri foti nt.ri 
daultheria hiepiduLa 
ilauijiui Inn I 
Trig loohinmgpltimeL ’to/ ^ 
Catla puLuu LrTo  
Droaara roturidifotia_ 
Rnr>r*tiatina uwnjurna 
 ,  
Utrdaularta radiata 
Carex 
Carex 
livida 
ohoryloppht Ba 
Carex laaioaarpa 
Carex auftnooratoe 
Carex 
Carex 
exilia 
t-imoea 4 3 2 
Carex 
Carex 
oaneacfene 
l^romoidea 
Carex triopama 
Carex diepermg 
Carex pauci flora 
Carex garberi 
Carex ep. 
Eriophorum opieeum 
Eriophorum anguatifolium 
Eriophorum L> iridi-oarinulum 
Erxophorum ep. 
Soimue aeapitoaia 
_ m,m^ I r I I .i m,, i . 
eontanum Soxrpua 
Phraamitea oommunio 
„ TTl ~~‘jT Cdljjmaaroatia oanadenaia 
Equieetum fluviatHe 
1 •¥ 
1 2 
2 -h 1 1 +11 
1 + 1 1 1 
I 1 J 1 1 1 1 1 1 
3 3 2 
2 4 3 
1 1 1 
92, 
Caphaloaia loiLlvnbtrrui. 
Cephatoaia lunulifolia 
OdontOBohiema elongation 
Mylia anomala 
Saapania paludiao Ta~ 
L'phuiinwn funuum 
Cphgqnum 
Spha^ium 
var. 
rnournum 
roauroum 
tenue 
Sphagnum 
var. 
Sphagnum 
Svhaanim 
7 1 4 2 1 1 
reourvum 
brrttr.fn 7 turn 
magel Lanioum 3 3 2 3 4 b S 3 
ogptZZlfolium 
Sphagnum wulftanxm 1 2 
Polytriahum juniperinum 
var affine 
jj,,f^aommum gpluatre 1 1 
CgjmuL 
Dt-anm 
Ilium atellatum 
urn potyeetvm 
Pieuroaium aohreboxn. 2 S 2 3 3 
Pohlia nuLanu 
Drepanootadua unoinatua 
Drepanooladuu revolvene 
Tgmenthunnum nitnnn 7 1 1 
Tomenthypnurn ntlene 
var, fillni'fnl ium 7 _  1_ 
Rhiaomnium poeuJopunatatum 1 1 
Soo lytidium I > V ‘rf I, ■ rmzzi 
Caiiatadium haldanT^um   
1 1 
Cerutadon purpurauu 
Table R-17 
SPECIES 
BRAUN-BLANQUET COVER OF SPECIES PRESENT IN 25 x 100 cm QUADRATS 
QUADRAT NUMBER - TRANSECI F (ueet aide) 
93. 
70 77 78 70 30 81 82 84 85 86 3? 88 89 
I'ujtfii   f ,trix r<n'i ■* / Mil 
occfTTt/nlaire ~ 
5 5 4 
hadum groanlandioum  
Chumaiiaiinhnn nal^^ula t a 
4 3 3 2 
lUJi jmri , (J Lyi: 
Andromeaa qlauoopnulla 
Ka I milt r>o It folui 
4 2 
3 12 33313212 
Betula pumila 2 2 
Alnua ariapa 
Sa lix montiooZa~ 
2 2 
Lonidera oilLoaa 
Myrica ffala 2 3 2 2 2 
Vaoainium oxyaocooB 
Vaaovnvum yttte-tdaea 
1 2 2 1 
Rubua aoauti» 
S’zrjVLoeria puxrmzva 
Droeera rotundifolia 
Utriaularia Padiata 
m 
dta 
1 2 
1 2 
SmiLining tfxfolia 
Many an thee tnfo li d ta 
Cau l Lhcria hinijjdulu 
Geooaulon iivldktm  
‘I't'iyloahin marl- tiinn 
2 2 2 1 1 
Cal la paluBtrtB 
Carex livida  
Cav>:x riiunduvrhLiia 
Car£X_ laeiocarpa^ 
Carex yymnooar'ateB 
Carcx axilvn 
Carex limooa 4 3 2 
Carex ('aneoaena 
Carex bromoidea 
Carex triaperma 
Carex diaperma 
Carex garberx 
Curux piiuififlora 
Carex ep. 
Sairpun aeopvtoato 
' dac Soirpua hu omanum 
Eriophorum apiuoum 2 3 
Eriophorum anquBtifolium 
Eriophorum piridi-nnrinaturn 
Eriophorum ap. 
I'hraumi f tin nontmini n  
Calii/naaroBtiB oanadeneie 
1 2 
1 1 1 1 
Equiaetum fluPiatile 1 1 2 2 
Cephalozia loitleabergi 
CephaloULa lunulifolia 
OdontoBchiama elongatum 
Mylia anomala 
l^apmia patudiaola 
Sphagnum fueaum  
Sphagnum reouroum 
S 4 3 4 
Sphagnum reouroum 
par breve folium 
Sphagnum reaurvum 
Par tenue 
Sphagnum magellanioum 
Sphagnum oap^ZZifoliuin 
Sphagnum uul fianum  
Polytriohum Juniperinum 
  Par, affine  
Aulnoornnium paluetre 
Campy ILiipn ate L latum 
Ptaranum potyne turn 
PlcuroBtum eahrebcrT 
Pohiia nutana  
Drepanooladua unoinatua 
1 2 1 
2 4 4 2 
Drepatwoladua revolvena 
Tomenthupnum nitene  2 11 
Tomenthypnum ntlana 
Par, faloifolium  
nhiBomni wn paoudupuno ta t u/n 
C,ti,ri>nh'im ni'oypriiijre 
CatiaTaJium haldanianum 
Caratadon purpureua 
Table R" I 8 PRAUN-H!.ANCiUFT t'nVF.K OF r,PECJES PRESENT TN 25 x 100 am QUADRATS 
SPECIES QUADRAT NUMBER - TRANSECT G (eaat aide) 
90 91 92 93 94 95 96 97 98 99 100 
Pidp.a mariana P. 
LariK larieina 
Thuja oooidentalia 
Itddim groenlaneHaim 
Chama^aphne aal\ouLata 
Androm dll n lauoophu t la 
2 2 2 3 2 3 3 
1 ?. P 2 1 1 2 
Kalmia polifolia 
7 2 
Be tula pumila 
1 1 
Alnua ariapa 
Cull iT moni it'nhi 
Lonioera viIlooa 
Mijriou galu 
Vaooinium oxnon:cp■  
Vaaoinium vitio-id aea 
Rubuti aotiuliu 
3 4 3 3 2 3 2 1 2 P 2 
Smiitaina trifolia 
Menuanthee LrifoLi 
GaiRtheria hiepidu^a 
Geooauton livia^ 
Triglodhin mariti ma 
±a- 
1 1 
Calla paluairia 
Sarmaatii UUTIL Ro ot   
Droaera rotundxfolva 12 11 
1 1 
1 1 
Utrxaularia Padiata 
Carex livida 
Carex ahordorrhtza 4 1 2 3 2 2 2 1 2 2 
Carex laeiooarpa 
Carex aurmocratee 
Carex exilia 
Carex timoea 2 3 2 4 2 1 
Carex onueuoenu 
Carex hramnidea 
Carex triapemg 
Carex dioperma 
Carex garheri 
Carex pauoiflora 
Fr h'rhuntnLJ'Pij'P'*^ 
Eriophorum anguatifolium 
Eriophorum pirCdi-aarinatufn 2 2 
Erxophorum ap 
CCJin. 
huda, 
1 torn e lOi. i’T>un 
Soirpue onianum 
3 2 
Phrugmitiui oommunia 
CgIimggroatia canadeneie 
Equiaatum fluviatile 1 1 112 111 
Cn^haJnaia 7o11leahergj  
CepTiaLolita Lunulij'oL La  
Odimtoni’hinmii ulongntwn 
Mptia anomala 
Saapanta patudioola 
^tihitiinum fueeum 3 5 4 4 2 4 2 4 4 5 
Sphagnum recurvum 
Sphuynum 
var 
rtuiurvu/n 
tenue 2 2 2 2 2 4 
Sphagnum 
var. 
recurvum 
breve folium 
Sidiuunum Ian!cum P. 1 P 2 P 4 P 1 2 
Sphagnum paptlZlfollum 
Sphagnum wulfianum 
Polytriahum juniperinum 
var. affine 2 2 2 1 1112 
Aula oomntum paluotra 
Campy Ilium etellatum 3 2 2 
Diaranum potyaetum 
Pleuroaium aokreberi 
Pnhlia nutnnn  
Drepanoaladua unatnatua 
Drvpanooiaduu rcVoIvonu 
Tomenthypnum nttena 
Tomenthypnum nitcna 
U(ir. falaifolium 
Rhiaomnium paeudopunatutum 
Soi irpCd C um a co tya ndnv 
Calialadium hataanianum 
CaIIttadon piirpureun 
95. 
Table R 
T ransect 
A 
B 
C 
D 
E 
F 
A 
B 
G 
C 
D 
E 
F 
A 
B 
C 
D 
E 
F 
“19 Subjective classification of quadrats 1-100 
Quadrat 
5-10 
16-20 
31-3A 
^7-51 
62-65 
76-79 
1-4, 
11,12 
21-26 
90-100 
35-44 
52-57 
66-69 
80-85 
Subjective classification 
east muskeg (E-M) 
east muskeg 
north muskeg (N-M) 
north muskeg 
west muskeg (W-M) 
west muskeg 
east transition (E-T) 
east transition 
east transition 
north transition (N-T) 
north transition 
west transition (W-T) 
west transition 
Number 
11 
23 
16 
10 
13-15 
27-30 
45-46 
58-61 
70-75 
86-89 
east fen 
east fen 
north fen 
north fen 
west fen 
west fen 
(E-F) 
(N-F) 
(W-F) 10 
100 Total 
Table R-20 S6. 
PRESENCE OF SPECIES IN TRANSECTS 4 - (P 
VASCULAR (15) (15) (16) (15) (14) (14) (11) (100) — § QUADRATS 
SPECIES A B C D E F G TOTAL 
Piaea marlana 
Larix larloina 
Thuja oooldentalis 
Ledum groenlandioum 
Chamaedaphne odXy autata 
Andromeda glaucophylta 
Katmia polifolia 
Be tula pumila 
Alnus crispa 
Salix montiaola 
Lonioera villoea 
Myrica gale 
Vaaainium oxyooacos 
Vaacinium vitis-id^^^ 
Rub us aoaulis 
Smilaaina trifolia 
Menyanthes trifoliata 
Gaultheria hiapidula 
Geoaaulon lividum 
Trig lo chin majcitix^B^ 
Calla paluatris 
Droaera rotundifolia 
Sarraoenia purpurea 
Utricularia radiata 
4 
15 
8 
9 
12 
6 
4 
4 
14 
4 
11 
13 
3 
10 
1 
1 
1 
7 
2 
4 
25 
9 
1 
4 
12 
7 
1 
7 
14 
8 
11 
11 
6 
3 
5 
11 
7 
8 
1 
1 
10 
2 
4 
4 
3 
2 
1 
6 
5 
12 
2 
3 
2 
2 
1 
9 
10 
3 
2 
7 
3 
1 
5 
11 
10 
9 
11 
36 
13 
1 
35 
85 
58 
51 
3 
3 
3 
1 
19 
79 
5 
3 
41 
19 
2 
2 
2 
2 
26 
17 
8 
Carex livida 4 
Carex chordorrhiza 2 
Carex laaiocarpa 1 
Carex gynocrates 2 
Carex exilia 3 
Carex limoaa 2 
Carex caneaoena 
Carex bromoidea 
Carex triaperma 
Carex diaperrna 
Carex garberi 
Carex pauciflora 
Carex ap, 
Criophorum apisaum 
Eriophorum anguatifolium 
Eriophorum viridi-carinatum 
Eriophorum ap. 1 
Scirpus oaeapitosis 2 
Scirpua hudaonianum 
Phragmitea aormunia 
Calajnagroatia aanadenaia 
3 
5 
2 
3 
1 
2 
1 
1 
4 
2 
2 
1 
10 10 
3 
1 
3 
5 
1 
1 
2 
1 
2 
1 
1 
2 
1 
3 
7 
1 
1 
2 
1 
1 
3 
4 
5 
11 
10 29 
1 
6 
10 
6 43 
3 
1 
2 
2 
2 
1 
2 
4 
3 
6 8 
5 
2 7 
4 
2 8 
6 
7 9 10 9 11 10 11 67 Equiaetum fluviatile 
97. 
The vascular species present in 30 or more quadrats 
were, Chamaedaphne oalyoulatdy Vacoinium oxyoooc as, Equisetion 
fluviatile^ Andromeda glauoophylta, Kalmia polifolia^ Carex limosa^ 
Smilaciina trifolia^ Pioea mariana^ and Ledum groenlandioum. Of 
these species Chamaedaphne oalyculata had the highest total cover 
value of 173.75 of a possible 500 Braun-Blanquet units. (See 
Table R-22.) Vacoiniim oxycoacoTj had a total cover value of 
108.75, Carex limosa 10^.0, Pioea. rnariana 93.0, Andromeda glauoophylla 
81.0, Equisetum fluviatile 60.75, Ledum groenlandioum 56.25, and 
Smilaoina tri folia hi.IS • 
Mean cover values per transect (see Table R-23)'^^'"'^^wi th 
transect location for some frequently occurring vascular species. 
Chamaedaphne oalyculata and Vaacinium oxyoooq^s had higher cover 
on the north and east sides of the fen. Ledum groenlandioum and 
Andi^omeda glauoophylla had higher cover on the west side of the 
fen. Kalmia polifolia achieved its highest cover value on the 
east side of the fen. Carex limosa had higher mean cover values 
on the north and west side of the fen. Carex ohordorrhiza had 
higher cover values on the north and east side of the fen. 
Some less frequently occurring vascular species exhibit 
dramatic differences in mean cover value between transect location, 
was 
Most noticeable Myrioa gale., absent in the east, low (2.1) in 
the north and highest (17.O) in the west. Menyanthes trifoliata 
and Carex behaved in a similar manner. 
98. 
Vegetational composition and species cover appearedto vary 
with transect location, as well as, along the transect as it went 
from muskeg to fen. 
continued on page 102. 
Tcible R~21 99. 
VASCULAR SPECIES RANKED BY PERCENT PRESENCE (INCL, THOSE WITH AT LEAST 5%) 
SPECIE %PRESENCE 
Chamaedaphne oatifQulata 85 % 
Vacainiian oxycocaos 79 
Equisetum fluviatile 67 
Andromeda gtaucophylla 58 
Kalmia polifolia 52 
Carex limoaa 43 
Smilaoina tvifolia 42 
Picea main-ana 36 
Ledum groenlandicum 35 
Carex chordorrhiza 29 
Drosera rotundifolia 26 
Myrica gale 29 
Menyanthes trifoliata 29 
Sarracenia purpurea 27 
Larix laricina 23 
Carex livida 22 
Carex exilis 20 
Vtriaularia radiata 8 
Eriophorum 
viridi-carinatum 8 
Phragmites communis 8 
CalOLmagrostis canadensis 6 
Carex gynocrates 6 
Eriophorum sp. 5 
Vaccinium vitis-ido-^Q- 5 
100. 
Table R-22 Total Braun-B1anquet Cover of Vascular Species 
Per Transect (arranged according to frequency) 
MAXIMUM POSSIBLE COVER = 500 
COVER VALUE OF + = 0.25 
SPECIES^^^ TRANSECT 
Chamae daphne 
calyculata 
Vaaoin-ium 
oxycocoos 
Equisetum 
fluviatile 
Andromeda 
glauoophylta 
Kalmia 
polifolia 
Carex limosa 
Smitaoina 
trifoliata 
Pioea mariana 
Ledum 
groenlandiaum 
Carex 
ohordorrhiza 
Drosera 
rotundifolia 
Myrioa gale 
Menyanthes 
trifoliata 
Sarracenia 
purpurea 
Larix larioina 
Corex livida 
Carex cxilis 
IJtrioularia 
radiata 
Eriophorum 
viridi- 
aarinatum 
Phragmites 
communis 
Calamagrostis 
canadensis 
Carex 
gynoarates 
Eriophorum sp. 
Vaccinium 
vitis-idaea 
A 
29.5 
15.25 
^.75 
6.5 
7.5 
8.0 
5.75 
9.25 
6.0 
3.0 
0.75 
0 
3.5 
2.25 
0 
8.0 
10.0 
0.25 
0 
C 
6.0 
1 .0 
0 
6 
28.0 
17.25 
7.5 
6.0 
13.25 
8.0 
13.25 
15.0 
6.0 
4.25 
2.25 
0 
2.0 
0 
6.25 
4.0 
0 
1 .0 
0 
0 
2.0 
1.0 
1 .5 
30.0 
17.0 
7.75 
14.0 
1 .0 
29.25 
6.25 
21 .0 
5.25 
4.0 
1.5 
4.25 
3.0 
1 .25 
4.25 
6.0 
0 
3.0 
0 
0 
4.0 
1 .0 
0 
37.0 
10.25 
9.0 
9.0 
11 .0 
13.75 
13.0 
14.0 
9.0 
13.0 
2.75 
0 
0 
1.25 
0.25 
0 
1 .0 
0 
1 .0 
0 
0 
0 
2.0 
0 
E 
14.25 
10.0 
9.5 
5.5 
6.5 
14.0 
2.5 
18.0 
8.0 
3.0 
5.0 
16.0 
10.0 
3.0 
5.0 
0 
9.0 
0 
0.25 
1.25 
0.25 
0 
0 
2.0 
F 
10.0 
12.0 
11 .25 
25.0 
2.0 
17.0 
3.0 
10.0 
15.0 
8.0 
6.0 
18.0 
10,0 
2.0 
6.0 
0 
11 .0 
5.0 
5.0 
5.0 
0 
0 
0 
G 
25.0 
27.0 
11.0 
15.0 
10.0 
14.0 
4.0 
6.0 
7.0 
21 .0 
8.0 
0 
0.25 
3.0 
1 .0 
0 
0 
12.0 
2.0 
0 
0 
0 
0 
TOTAL 
173.75 
108.75 
60.75 
81.0 
51 .25 
104.0 
47.75 
93.25 
56.25 
56.25 
26.25 
26.3 
28.75 
12.75 
22.75 
18.0 
31.0 
9.25 
13.25 
8.25 
5.25 
12.0 
5.0 
3.5 
101 . 
Table R-23 Per cent of total Braun-B1anquet cover possible 
for species in transects located east, north and 
west of the fen 
I I 
SPECIES 
Larix 1aricina 
Picea mariana 
Ledum groen1 andjcum 
Vacciniurn vitis-idaea 
Vacciniurn oxycoccps 
Chamaedaphne calvculata 
Ka1mia po1ifo1ia 
Andromeda q1aucophv11 a 
Equisetum f],,yYlalLla 
Smi Idcina trifolia 
Menvanthes trifollata 
S,arra£,enlg purpurea 
■DxQafir.a rotund i fol ia 
Utricularia rad t ata 
Hyrica ^ale 
EAST 
(A, B, G) 
Max poss. cover 
66.5 BB units 
3.6^ 
15.2 
gTTS 
0.8 
29.8 
i4l.l4 
15.^ 
13.8 
11.7 
11.6 
2.9 
2.6 
5.6 
0.6 
0 
NORTH 
(C, D) 
Max poss. cover 
77.5 B units 
2.9^ 
22.6 
(E, F) 
Max poss. cover 
72.5 B units 
7.S% 
19.3 
9.2 
0 
17.8 
1+3.2 
7.7 
11+.8 
10.8 
12.1+ 
1.9 
1 .6 
2.7 
1 .9 
2.7 
15.9 
1.5 
15.2 
21+.1 
5.9 
21 .0 
II+.3 
3.9 
13.8 
3.1* 
7.5 
3.1* 
23.1+ 
21 .k 
7.5 
0 
13.8 
0 
0.1 
3.5 
I+.3 
Carex 1imosa 
Carex chordorrhiza 
C.a.r_ox IbLijiaL-. 
Carex exi1 is 
Carex qynocrates 
Eriophorum 
Viridi-carinaturn 
Calamaqrostis canadensis 
Phragmi tes Qommun Is. 
Sphagnum, mage 11 anicum 
S.g.ba.gnuin f us cum 
sphagnum recurvum 
Polytrichum iuniperinum 
var affine 
15.0 
II+.3 
6.0 
5.0 
3.9 
6.0 
0 
0.9 
hi. 1 
52.3 
26.6 
II+.8 
27.7 
11 .0 
3.9 
0.6 
2.6 
0.6 
0 
0 
TsTg" 
1+2.5 
1+0.6 
10.3 
2374 
16.6 
11.7 
0 
102. 
Presence of bryophyte species encountered in transects A-G 
was outlined in Table R-24. Table R-25 gives the total per cent 
OGG LI r* PGfi presence of bryophyte species which m more than 5 quadrats. 
Most frequently encountered were the Sphagnum species which blanket 
the study area. Sphagnum magettaniaum'^^^ found most frequently 
(64 quadrats out of a possible 100), Sphagnum fusoum next frequently 
and 
(58 quadrats}A ppeared in 52 quadrats. Folytriohum 
juniperinum var aff'inevjas very common (39 quads), especially on the 
tops of Sphagnum fusoum capped hummocks. 
Highest total coverwas achieved by Sphagnum fusoum, 192 out of 
a possible 500 Braun-Blanquet units as outlined in Table R-26. When 
transects were grouped by location and mean cover valueswere calculated 
(Table R-Z3)Sphagnum spp. coverappeared to vary with transect location. 
Sphagnum magellanioum had highest cover on the east side and least 
on the west. Sphagnum fusoum coverwas similar on the north and east 
side and lowest on the west. Sphagnum reourvum had highest cover 
in the north and least in the west. Polytriohum junipernnumi^^^ absent 
In quadrats on the west side and had similar cover values on the 
north and east side of the fen. 
Species cover in both frequently occurring bryophytes and 
vasculars appearedto vary with location of the transect in relation 
to the fen's centre. The west sidewas not as rich in bryophytes as 
the north and east sides were. 
Tdble R-24 
103. 
BBYOPHYTE 
SPECIES 
PRESENCE OF SPECIES IN TRANSECTS A - G 
(IS) (IS) (16) (25) (14) (14) (11) (100) — § QUADRATS 
A B C D E F G TOTAL 
Cephatozla loltleshergi 1 
Cephalozia lunulifolia 
OdontoBohisma elongatwn 1 
Mylia anomdla 
Saapania patudloota 1 1 
1 
1 
1 
1 
2 
Sphagnum f us cum 
Sphagnum recurvum 
Sphagnum recurvum 
var. breve folium 
Sphagnum recurvum 
var tenue 
Sphagnum magellanicum 
Sphagnum capilH. 
Sphagnum wulfianum 
11 9 
12 7 
12 8 2 6 10 58 
10 12 7 S 1 52 
1 1 
11 11 
1 3 
1 
11 9 
3 
1 
8 3 
2 3 
7 9 
11 64 
7 
5 
Polytrichum juniperinum 
var. affine 8 7 
Autacomnium palustre 6 2 
Campy Hum stellatum 2 
Dicrawmi polysetum 1 
Pleurozium schreberi 1 1 
Pohlia nutans 1 
Drepanocladus uncinatus 
Drepanoctadus revolvens 
Tomen thypnum nitens 
Tornenthypnum nitens 
var, faid folium 1 
Rhizormium pseudopunctatum 
Scorpidium scorpioides 
Calicladium haldanianum 1 
Ceratadon purpiureus 1 
8 6 
1 2 
1 
^ 2 
2 
2 
10 39 
3 5 3 22 
3 4 10 
12 7 
5 5 14 
1 
1 
1 1 
5 5 2 14 
^ 2 
2 
1 
1 
1 
5 
2 
Table R-25 
BRYOPHYTE SPECIES RANKED BY PERCENT PRESENCE (INCL, THOSE WITH MORE THAN 5%) 
SPECIES % PRESENCE 
Sphagnum magellanicum 64 
Sphagnum fus cum 58 
Sphagnum recurvum 52 
Poly trichum juniperinim 
var. affine 39 
Aulacormium palsutre 22 
Pleurozium schreberi 14 
Tornenthypnum nitens 14 
Campy Hum stellatum 10 
Dicranum polysetum 7 
Tomenthypnim nitens 
var faid folium 5 
104. 
Table R-26 Total Braun-Blanquet cover of Bryophyte Species 
Per transect (arranged according to frequency) 
MAXIMUM POSSIBLE COVER = 500 
105. 
(ii) 2f from transects A-G 
Presence-absence floristic data from quadrats 1-100, transects 
A-G was subjected to Bray and Curtis Ordination (see Methods section) 
which resulted in a two dimensional ordination of quadrats. 
Figure R-28 is the resultant plot of labelled quadrats along 
X and Y ordination axes. There appearedto be no distinct grouping 
of quadrats, rather thercwas ^ continuous scatter of points. 
Quadrats were identified by their location in relation to the 
fen, and whether they fell into subjectively defined muskeg, transi- 
tion or fen sites^and plotted on the ordination in Figure R-29. 
Grouping of similar quadratswas now evident as lineswere drawn 
between locations and site types. (See figure R-30.) Fen quadrats 
comprise a single group and were^ot separated by location in relation 
to the fen's centre. Quadrats thatwere not within their subjective 
classification unitwere circled and labelled. 
Muskeg sites had Che lowest X-axis locations in relation to 
their transition and fen sites. West side muskeg quadrats 
further along the x axis than northern or eastern muskeg quadrats. 
East side quadrats had the lowest Y-axis locations while west side 
quadrats had the highest Y axis values. 
The general trend in the ordination X axiswas to sort quadrats 
from muskeg to transition to fen types. The trend in the Y axis was 
to sort quadrats from east to north to west. This sorting resulted 
106 
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Figure R-28 Bray and Curtis (.1957) ordination of c^uadrats I to 100 
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Figure R-29 Bray and Curtis (1957) ordination of quadrats 
I tO 100 Identified by their subjective 
classification only. 
M«muskeg: T=transition; F«fen 
E*=east; N»north; W=west 
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Figure R^30 Bray and Curtis (1957) ordination 
of quadrats I to 100 grouped by 
subjective classification. 
(for identification code of circled 
quadrats see Figure R-29) 
in a continuous scatter of quadrats which tends toward having a 
positive slope. East side quadrats were furthest from west side 
quadrats in the ordination. 
(iii) 2istr|but|on of freguent|Y 
Distributions of some vascular and bryophyte species were 
examined on the ordination plot in figures R-3I through R-46. 
Species were discussed in order of frequency, but, figures were 
arranged to accommodate discussion of Ericaceous shrubs, and Sphagna. 
Braun-B1anquet cover values for each species were plotted on the 
point corresponding to the quadrat, resulting in a scatter of 
cover values. Optimum habitats were enc1osed by isobars. 
Figure R-32 is the distribution of cover of Chamaedaphne 
oalyoulata throughout the ordination. Cover appeared to increase 
along a gradient from fen to muskeg, highest cover values were 
generally in the eastern transition zone. Chamaedaphne aalyaulata 
was present throughout the ordination and occurred! n 85% of all quadrats. 
It was the most commonly recorded species, most vigorous in transition 
and muskeg sites, and very stunted in fen sites. 
Figure R-33 depicts the distribution of Braun-B1anquet cover 
values of Vaocinium oxyQoaoos within the ordination of quadrats. 
Cover va1ues were low, although, consistent throughout most quadrats. 
Vaocinium oxyoocco s occyirredn 79^ of all quadrats, itwasniost 
frequently absent from fen sites. Highest coverwas in the eastern 
transition zone. Plants grew most successfully on Sphagnum spp. 
hummock tops. 
Cover values of Equisetum /Zuyiatilewere plotted on the ordina- 
tion in Figure R-^2. This specieswas present in 67 per cent of the 
quadrats and had consistently low cover values in most sites. It was 
rare in muskeg quadrats, very common in northern and western transi- 
tions and exhibitedthe highest cover values in the fen. Equisetum 
fluviat:^le grew commonly in the hollows between Sphagnum spp. 
hummocks or with the many Carex species common to the fen. 
Figure R-35 depicts the cover of Andromeda glaucophylla in the 
58 quadrats where it was recorded. Its highest coverwas the 
eastern and western transition zones. Andromeda gtauoophytla was 
common to wetter sites within the transition andwas found closer 
to the fen than Chamaedaphne oalyaulata. 
Katmia potifolia^^^^'^^^^sn 51^ of the quadrats sampled. Figure 
R-34 illustrates Braun-B1anquet cover values recorded on the ordina- 
tion for this species. Katmia potifolia\^ss most common in transition 
sites, although, with fairly low cover. Highest cover values were 
found in the eastern transition zone. It wasvory rare in fen sites. 
Katmia potifotia tends to occupy drier Sphagnum spp. hummocks and was 
often found with Chamaedaphne catyculata. 
Figure R-43 illustrates the cover of Carex timosa in the ordina 
tion of quadrats. Itoccurredin of the quadrats and was the most 
commonly occurring Carex species in the study area. Its habitat 
preference was broad; highest cover valueswere in the eastern and 
northern transition zones. Its cover in muskeg was about the same 
as its cover in fen, although, i toccurredno re frequently in the 
fen. 
Sririlaoia tri folia occur red\n of the quadrats. Its cover 
values were plotted on the ordinated quadrats in Figure R-45. It 
was absent in the fen and rare in the western transition zone. 
Highest cover va1ues were found in the eastern transition zone. It 
was common in muskeg sites as well. Smilaaina trifoliaviss of ton 
found on the tops and sides of well developed Sphagnum spp. hummocks 
Figure R-^6 illustrates the cover values of Picea mariana in 
ordinated quadrats. It was present in 36^ of the quadrats and 
exhibits highest cover values in muskeg sites. Piaea mariana was 
common in the transition zones as well. Some high cover values in 
transition sites were due to dense patches of Pioea mariana which 
flourish on the tops of Sphagnum spp. hummocks. Although cover was 
great in this situation the trees were much shorter and frequently 
more contorted than muskeg specimens. 
Figure R“31 depicts the cover of Ledum groenlandiaum in 
ordinated quadrats. Itoccurredin 35^ of the quadrats and exhibited 
highest cover values in west side muskeg sites. Ledum groenlandiaum 
was most common in muskeg and transition andwas fare in the fen. It 
tends to occupy the tops and sides of well developed Sphagnum spp, 
hummocks. 
Figure R-^1 illustrates the cover of Menyanthes tvifoliata in 
quadrats. It grew predominently In wet sites, usually in the fen 
or wet hollows in the transition zones. Both Eriophonon spissum 
and Utrioularia radiata grevj exclusively in the fen and very wettest 
transition sites (see Figures R-39 and R-4o). Eriophorum spissum 
grew in patches on the floating portion of the fen while Utrioularia 
radiata grew singly in hollows or patches of open water. 
The cover of four bryophyte species who were present in at least 
30^ of the quadrats sampled wasapplied to the ordination in Figures 
R-36 through R-38 and R-kk. 
Sphagnum magellanicunP^^^'^'^^^ in of the quadrats. Its 
Braun-B1anquet cover values wereplotted on the ordination in Figure 
R-36. Its highest cover values°^^^^*^^*^n the fen, especially in 
plots ordinated close to transition plots. Sphagnum magettanioum 
was common to wet transition sites, or hollows in dry transition 
sites. It formed^3rge, loose moist hummocks in wetter sites or 
occupied the sides of well developed hummocks in drier sites. 
Cover of Sphagnum fuscum is plotted in Figure R-38. It occurred 
in 58^ of the quadrats sampled and achieved its highest cover in 
eastern transition and muskeg sites. Sphagnum fuscurmias common to 
the tops of well developed hummocks in moist or dry sites. It 
capped 
these hummocks with dense growth which^as '^^11 elevated and 
frequently much drier than a Sphagnum magellaniaian hummock of 
equivalent size. 
Figure R-37 depicts the Braun-B1anquet cover values achieved 
by Sphagnum reoui*vum, whichwas present in ^2% of the quadrats sampled. 
Itwas common to transition zone sites, especially northern and western 
locations. It rarely formedh^f^iiK^cks but, oftenoccupied tops of 
moist Sphagnum magellanioum hummocks or the upper sides of S, fusaum 
hummocks. Occasionally S, reaurvum did produce a small secondary 
hummock on the moist edge of a well developed hummock. S, reourvum 
was also common just above the water line in hollows. In this location 
varieties of S, recurvum, such as S. reourvum var tenue and 5. 
reourvum var brevifolium^Qre often encountered. 
Figure R-hk depicts the cover values of Polytriohum juniperinum 
var affine plotted on the ordination of quadrats. I toccurred' 39% 
of the quadrats and^^as restricted almost exclusively to eastern 
transition zone and muskeg sites. Potytriahum juniperinum var affine 
grew on the dry tops of Sphagnum fusaum capped hummocks often jp 
appeared 
association with Vacoinium oxyaoacos, It to be intolerant 
of moister conditions and^^gs rare in wet transition or fen sites. 
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Figures R-31 through R-46 Inclusive 
Braun-Blanquet cover values of twelve vascular 
and four bryophyte species plotted on the 
Bray and Curtis Ct957) ordination of 
quadrats 1 to 100. Species are arranged 
in an order that facilitates ttetr discussion 
In the text discussion section. 
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A Williams and Lambert Normal Association Analysis was under- 
taken upon presence-absence data from quadrats 1-100 (see Methods). 
Chi-square cut off was dictated to be 1.00, although, in one group 
subdivisions were made at chi-square values below one. 
Figure R-A7 is a dendritic diagram of the normal association 
analysis. Group format i on v^/as poor at high chi-square values, con- 
sequently, this analysis^as only 95^ reliable (see Giei g-Smith 1964 
p. 169). However, groups thatwere formed are ecologically recognizable 
and correspond favourably with field observations. 
Three major groups of quadrats were^^rted in this analysis. The 
first splitwas based on the presence of Fioea mariana. Within the 
36 quadrats containing Fioea mariana a second division^^ag made based 
on the presence of Chamaedaphne oalyoutata. The 30 quadrats which 
contain both Fioea mariana and Chamaedaphne oalyoulata form the 
group A. Of the 64 quadrats which do not have Fioea mariana, 26 
wereseparated on the basis of Folytriohwn juniperinum var affine. 
These twenty-six quadrats comprise group B. The remaining 38 quadrats 
were subdivided on the presence of Equisetwn fliwiatile. The 36 
occurred 
quadrats in which it make up group C of the Normal Association 
Analysis. Within group C 29 quQdrax.s^^'^^^^^^^Chcmaedaphne oalyoulata 
and of these Sphagnum fusoum, these nine quadrats made up 
group C-1 . The T/ remaining quadrats which con ta i fluviatile 
and Chamaedaphne oalyoulata only are group C-2. Finally the seven 
132. 
quadrats vihxch^^^^^^^^^quisetum fluviatile only compose group C-3* 
Table R-^9 outlines quadrats which were not sorted into a normal 
group A, B or C and quadrats not included in the analysis in addition 
to listing quadrats present in each Normal group. These quadrats 
are marked on Figures R-50 and R~51. 
Continued on page 136. 
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4 —* 
.2 
Figure R-^7 Dendritic diagram illustrating 
the results of a Williams and 
Lambert Normal Association 
Analysis (Williams and Lambert 
1959) of floristic presence/ 
absence data from quadrats 
I to 100. Chi-square cut off 
1.00. 
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Table R-48 
NORMAL ASSOCIATION ANALYSIS OF QUADRATS 1 - 100 
GROUP 
A 
B 
C-1 
C-2 
C-3 
DETERMINANT SPECIES 
Picea mariana - Chamaedaphne calyculata 
Polytrichum .juniperinum var affine 
Equisetiim fluviatile - Chamaedaphne calyculata 
Sphagnum fuscum 
Equisetum fluviatile - Chamaedaphne calyculata 
Eq.uisetum fluviatile 
135. 
Table R-49 Quadrats present in Normal groups and eliminated 
from Normal Analysis 
Normal group Quadrats 
A 1, 5, 18, 20, 23, 31, 32, 34, 37, 39, 53, 54, 
62, 66, 67, 4, 9, 19, 22, 33, 36, 48, 49, 50, 
51, 52, 90, 99. 
B 
C-1 
C-2 
55, 58, 95, 98, 29, 40, 61, 91, 94, 97, 100, 
3, 10, 2, 7, 8, 11, 17, 25, 26, 38, 44. 
6, 21, 24, 35, 41, 43, 68, 83, 85 
12, 13, 14, 15, 27, 28, 30, 45, 46, 47, 60, 71, 
72, 73, 74, 75, 96. 
C-3 42, 81, 84, 86, 87, 88, 89. 
Quadrats not included in Normal groups - circled on ordination 
- these quadrats formed small 
groups at chi-square values 
less than t.OO and were remote 
from their higher level group 
on the Bray and Curtis ordination. 
(note that they are frequently 
west side quadrats) 
Quadrats excluded from analysis - X on ordination 
-rarsclassif fed in analysis C first computer run) 
16, 63, 64, 65, 78, 79 
69, 70, 82 
76 
77. 80, 92, 93 
136. 
Groups A, B and C represent an ecological series within the 
study area which are easi ly identifiable. Group A represented muskeg 
sites or dry transition sites with a well developed Chamaedccphne 
calyoutata understorey and a P-ioea mariana overstorey. Group B 
can be interpreted as hummock tops in the dry transition zone 
where a coniferous overstorey was absent. Group C contained a large 
number of quadrats in which Equisetum was presen t. It 
was subd i V i ded into group C-1 wh i ch cons i sted of quadrats which fall 
into transition zone sites which include dry Sphagnum fuscimi- 
Chamaedaphne oalyoutata on the hummock tops and Equisetim fluviatile 
in the hollows. C-1 quadrats were s1ight1y wetter than B quadrats. 
Quadrats grouped under C-2 were moister than C-1 quadrats and lack 
Sphagnum fusaum hummocks. C-2 quadrats were located in intermediately 
wet transition zone sites. C-3 quadrats were cl assified on the basis 
of the presence of Equisetum fluviatile alone. These quadrats fall 
into very wet transition zone and fen sites. 
Quadrat groups identified by the Normal Association analysis 
wereplotted onto the ordination of quadrats in Figure R-50. Groups 
go from dry to wet along the X ordination axis. Figure R-51 summarizes 
the Normal groups on the ordination by their location and physiognomy. 
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figure R-50 Quadrats 
classified 
to 100 
by Will lams 
and Lambert (1959) Normal 
Association Analysis, grouped 
and plotted on the Bray and 
Curtis (1957) ordination 
See Table R-^9 for explornation 
of circled and crossed quadrats. 
138. 
o 
-r 
O CO o 
~T“ 
4^ O 
“t- 
o 
cr> O 
0 
00 
o figure R-51 
8 - 
Quadrats I to 100 
grouped by Normal Association 
Analysis classification and 
identified by physiogamy and 
location. Illustrates ecological 
series generated by Normal analysi 
classification of quadrats. 
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9) Principal components analysis based upon 
floriStic data only 
A Principal Components analysis was undertaken upon presence- 
•k 
absence vegetation data from 7^ quadrats from transects B through 
F. Quadratswere plotted between the first two axes of quadrat 
component scores (see Methods lll“C(ii)) in Figure R“52. Component 
scores were based entirely upon florlstic data, 
appeared 
Quadrats to be widely scattered between the axes with 
no distinct clumping into groups. Points followed a curve 
which ran from high axis one, low axis two values, through high 
one and two values to low one and two values (see Figure R-52). 
Quadrats subjectively classified as muskeg, transition or fen, 
and by location in relation to fen centre, were plotted on the 
ordination resulting from Principal Components analysis. Quadrats 
falling within the same classification type were enclosed in groups 
of quadrats (see Figure R~53)• 7% of the quadrats (5) could not be 
included in their group because their component scores placed them 
too far away from the majority of quadrats in the group. 
Fen, west and north transition quadrats were closely associated 
at the bottom of the ordination along axis 2. Eastern transition, 
northern muskeg and three northern transition quadrats were p1aced in 
the midregions of the ordination. Eastern muskeg quadrats were 
located in the upper right region of the ordination and western muskeg 
quadrats in the upper left. 
* P.C.A. program parameters al lowed analysis of 75 samples per run. 
1^*0. 
Figure R-5^ illustrates quadrats falling into groups delimited 
by Normal Association analysis. 17^ of the quadrats plotted on the 
ordination were remote from their Normal groups. Dotted lines enclose 
quadrats which belong to adjacent groups, but, fall between quadrats 
belonging to another group. Therewasa trend from muskeg to fen which 
followed the same curve as outlined in Figure R-52. Wet transition 
(C2) and fen (C3) plots *^^very similar locations in the diagram. 
When comparing the results of Bray and Curtis Ordination to 
Principal Components analysis (P.C.A.) ordination (axes 1 and 2 
only) it was found that the spatial location of Normal groups was 
very similar in both ordinations when the P.C.A. ordination was 
inverted and rotated 90® to the left (Figure R-55). Differing 
methods of axis derivation resulted in two ordinations, both entirely 
based upon floristic data, which were simi1ar in the way they sort 
the quadrat data. 
Correlation coefficients (r) were calculated between the 38 
vascular and bryophyte species used in the Principal Components 
analysis and the first two component axes. Results are presented 
in Table R~56. 
Species positively correlated with axis 1 at the 0.05 level of 
s igni f i cance were^^«^^^2 mari-ana and Ledum groenlandicum. As axis 1 
component scores increased so do the frequencies of these two species 
in quadrats located along axis 1. Andromeda glaucophylZa and 
Equisetum were negat i vel y correlated with axis 1. Frequencies 
of these species decreased in quadrats located along axis 1. 
lAi. 
Species positively correlated (P < 0.05) with axis 2were 
Polytriahum juniperinum var affine^ Sphagnum fuscum and Smilaaina 
trifolia. Frequencies of these species increased in quadrats located 
along axis 2. There were no species significantly negatively correlated 
with axis 2. 
Table R-5^ includes the percentage of total variance accounted 
for by each species. Sphagnum fuscum and Carex timosa had the highest 
per cent variance (A.6l6^^) of all the species used in the analyses. 
The proportion of total variance accounted for by axis 1 was 
0.155 and axis 2 is O.llA. The greater proportion of variation in 
not 
the Principal Components ana 1 ys i s could / be accounted for by the 
axes constructed from entirely floristic data. Factors other than 
floristics were responsib1e for a large proportion of the variance 
within the data. 
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Figure R-52 Principal Components analysis CPearce 1969) of quadrats to 
Quadrats ordinated betvreen axes 1 and 2 
1^3. 
AXIS 2 
ffgure R-53 Principal Components analysis (Pearce C9691 of quadrats tbto .QQ 
grouped by subjective classification. Circled quadrats ordinated 
remote from others in their group . For code see Figure R-29* 
AXIS 2 
Figure R-5^ Principal Components analysis of quadrats 16to89 grouped by 
Normal association analysis classification, identified by 
Normal group designation and ecological type. Compare to 
Figure R-51* Dotted lines enclose quadrats belonging to 
either Normal group connected by dotted lines. 
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Table R-56 Correlation (r) between 38 species arranged according 
to frequency and P.C.A. component Axes 1, 2 and 3* 
Transects B-F. Including proportion of total variance 
accounted for by floristic factors in each axis. 
AXIS 
SPECIES 
^ of 
Total Variance 
PROPORTION OF 
TOTAL VARIANCE 
Chamaedaphne 
aatyoutata 
Vaoainium oxycoQQOs 
Equisetum fluviatile 
Andromeda 
glauaophylla 
Kalmria polifolia 
Car ex limosa 
Smilaaina trifolia 
Pioea mariana 
Ledum 
groenlandioum 
Carex chordorrhiza 
Drosera rotundifolia 
Myrica gale 
Menyanthes trifoliata 
Sarvaoenia purpurea 
Larix larioina 
Carex livida 
Car ex exilis 
Utrieularia radiata 
Phragmites conmunis 
Calamagrostis 
canadensis 
Cor ex gynocrates 
0.155 
(r) 
0.017 
-0.066 
-0.312* 
-0.346* 
0. 032 
-0.211 
0.236 
0.418* 
0.387* 
-0.094 
-0.023 
-0.038 
-0.257 
-0.088 
0.088 
•0.039 
■0.144 
■0.129 
•0.116 
0.030 
0. 018 
0.114 
(r) 
0.289 
0.143 
-0.028 
-0.016 
0.281 
-0.078 
0.328’ 
-0.029 
-0.162 
0.112 
0.154 
-0.233 
-0.204 
0.020 
0.006 
0.065 
-0.070 
-0.123 
-0.102 
-0.124 
-0.006 
0.0750 
(r) 
0.015 
0.329* 
0.115 
0.283 
0.106 
0.328* 
0.037 
■0.112 
0.093 
0.188 
0.269 
0.416* 
■0.034 
0.062 
0.242 
0.043 
■0.139 
■0.102 
•0.046 
0.188 
■0.004 
3.131 
3.269 
4.049 
4.498 
4.454 
4.616 
4.455 
4.404 
4.211 
3.270 
3.131 
3.526 
2.835 
1.782 
2.676 
1.377 
1.782 
1.583 
1.583 
1.377 
0.945 
* p 0.05 
Table R-56 Continued 
U7. 
VacQ'ini.um v^tis-i^daea 0.110 0.002 -O.O66 
Carex sp. “0.399 O.O67 O.OO6 
Sairpus aaesp'ttosus O.O82 0.005 0.05^ 
Soirpus hudsonianum -0.045 -0.093 0.109 
Sphagniim rnagellanicum -0.216 0.288 -O.O6O 
Sphagnum fusoum 0.027 O.296* 0.226 
Sphagnum reourvim 0.167 0.171 “0.177 
Polytr‘dohum 
juniperinum 0.003 0.412* 0.009 
var affine 
Aulaaorrmiwn palustTe -0-073 0.239 
Pleupoziwn sohreberi 0.249 -0.206 0.148 
Tomenthypnum nitens 0.250 -0.176 0.108 
Dioranum polysetwn -0015 “0.046 0.069 
Sphagnum sguarrosum 0.108 -0.119 0.1 11 
Sphagnum oapiltifolium 0.06l 0.043 -0.089 
Campy Hum s tel latum -0.015 -0.056 0.148 
Tomenthypnun, nitens ^ 
var fala^fol^um 
1.164 
1.782 
0.719 
0.945 
4.535 
4.616 
4.498 
3.756 
2.835 
2.676 
2.339 
1 .378 
1 .378 
1.378 
1.164 
0.945 
* (p < 0.05) 
1^8 
Ordinations of presence-absence floristic data resulting from 
Bray and Curtis ordination and Principal Components Analysis were 
successful at arranging quadrats in a two-dimensional plane. 
Quadratswere located in natural positions and weresatisfactori1y 
grouped within the ordination by either subjective or objective 
classification schemes. 
Quadrat groups wererelated to one another along what appeared 
to be environmental gradients. These relationships will be examined 
in greater detail in the Vegetation-Environment relationships portion 
of the results section. 
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II. Environmental factors 
Introduction 
In order to describe the physical and chemical environment of 
the study area, several factors of climate, water level, soils, and 
groundwater were observed and measured regularly or sampled along 
transects (see Methods II). 
This section deals with the results of those environmental 
measurements. The first factors considered were climatic, including 
air temperature, soil and groundwater temperatures, precipitation, 
relative humidity, and wind. Water and soil level fluctuations, in 
relation to rainfall were out lined next, then soils and groundwater 
characteristics (pH, loss on ignition, von Post humification, total 
% C, % H, X N, depth to water table, calcium concentration, conductance, 
ammonium and nitrate) including any relationships between measured 
factors. Finally, stratigraphy of the peat in a transect across 
the study area was described. 
a) Temperature 
Thunder Bay Airport 
The first climatic factor to be examined in William Bog and at 
Thunder Bay Airport wasair temperature. Temperature records from 
the two locations are outlined in Table R-57. Mean maxima and minima 
for each week were calculated from daily records. 
Compairison between these two sites vvas necessary to the 
description of the local climate in William Bog. 
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Records from Table R-57 and Graph R-58 indicate that 
mean temperatures were similar in the study area and at the 
Thunder Bay Airport. The study area exhibited higher temperature 
maxima over the period of study^the only exception being the 
mean value for the week of November 19. This value composed 
of three measurements only (November 23,24,25). Minimum 
temperatures were lower in the study area during the period 
between June 29 and September 14. Later in the season 
minimum temperatures were similar. After the week of October 5 
minima in the study areawere higher than those of the Airport, 
likely because freezing temperatures produced problems with 
the accuracy of temperature readings from the hygrothermograph 
resulting in an incomplete temperature record. Overall, the 
study area appeared to suffer greater temperature extremes 
than did the Thunder Bay Airport 3 km south west. 
The time between last and first frost in the study area 
was 42 days, while at the Airport itwas iQO days (see Table 
R-59). The lowest 1979 minimum temperature recorded in the 
study area was -41^0 (January Fen minimum at 1.0 m ev.) and 
-39^C (January 1979 minimum) at the Airport. The study area 
appeared to have a considerably shorter frost free period. 
This data indicated that therewas a difference between.these 
two sites when their temperatures were compared, William Bog 
seems to have the more extreme climate. 
15K 
Table R-57 X Weekly air temperature maxima and minima at 
Thunder Bay Airport and William Bog located 3 km 
apart. 
"hunder Bay Airport 
Max 
15.7 
18.8 
20.3 
2A. 1 
23.2 
22.6 
23.7 
24.7 
21.3 
23.6 
25.6 
21.7 
19 .5 
2 3.6 
13.8 
15.2 
17.1 
15.2 
13.8 
6.3 
13.5 
11.4 
[ll.9 
M i n 
3.8 
2.0 
7. 5 
10.3 
11.4 
9 . 7 
11.2 
11.8 
7.6 
7.8 
12.5 
10.2 
10.4 
9.3 
4.8 
1 . 6 
-3.4 
-0.8 
-3.6 
-2.0 
Mean 
9.8 
10.4 
13.9 
17.2 
17 
16 
17.5 
18.3 
14.5 
15.7 
19.1 
16.0 
15.0 
16.5 
11.8 
10.8 
9 . 4 
10.0 
7 . 7 
1.5 
6.3 
3.9 
5.0 
Di^f of 
X‘s 
2.6 
0.6 
1 . 7 
-0.3 
-0.2 
0.5 
0.5 
-1.7 
1.3 
1.6 
0.4 
0.6 
0.6 
2.6 
1.4 
0.4 
0. 9 
3.0 
1. 7 
2.2 
min < “5 
152. 
GRAPH R“58.Mean weekly Air temperature at Thunder Bay 
Airport 3 Km. from William Bog June 2 to 
Noveraher 2,1978. Wean weekly air temperature at William Bog 
Measured by thermograph in east transition zone. 
* Mean of June 5,6,7,8 , on1y 
+ Mean of October 12,13,14. only 
- Mean of November 23,24,25 only 
153. 
Table R“59 Frost free period in the study area and 
Thunder Bay Airport (3 km south) 
Study Area 
June 22 to August 3, 1973 
42 days 
lowest minimum -4l°C (Jan. minimum - Fen at 1 m.ev.) 
highest maximum +33°C (July 10 and 27 - transition zone maximum) 
Thunder Bay Airport 
June 13 “ Sept. 22, 1978 Mean yearly frost free period 
(Anon., 197^) 
100 days 101 days 
lowest minimum -39-0®C (January, 1978 min) 
highest maximum +31.6°C (July 6, 1978 maximum) 
15^. 
(ii) A|r temperature maxima and minima in muskeg, 
i£5G§lii9G fSG 
Air temperature maxima and minima at ground level and 1 metre 
In elevation in muskeg, transition and fen sites were recorded in 
Tables R-60 and R-61. 
When mean temperatures werecompared between ground level and 
1 metre above ground in muskeg sites there were no temperature dif- 
ferences between elevations greater than 1.0®C measured 
Continued on page 157. 
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Table 
1978/79 
MONTH 
June 
July 
August 
September 
October 
November 
December 
January 
February 
March 
Apr i 1 
May 
R-60 Temperature extremes at 1 metre elevation recorded 
in three sites within the study area. 
MUSKEG 
MAX MIN MEAN 
32.5 
31 .7 
30.9 
25.8 
21 .5 
18.0 
0 
-k 
-2 
5.0 
16.0 
+27 
1.1 
3.0 
1 .6 
■0.5 
■7.7 
■31 
■32 
■38 
■40 
■26 
10 
-5 
15.7 
17.4 
16.3 
12.7 
6.9 
-6.5 
-16.0 
-21.0 
-21 .0 
-10.5 
3.0 
I I .0 
°C 
TRANS. 
MAX MIN MEAN 
27.0 
30.0 
27.1 
22.0 
18.3 
20.0 
2.5 
-1 .0 
-1 .0 
8.0 
17-0 
21.5 
1 .6 
7.0 
3.7 
4.3 
“5.2 
-28 
-33 
-40 
-39 
-23 
-8 
-4 
14.3 
18.5 
15.4 
13.1 
6.6 
-4.0 
-15.3 
-20.5 
-20.0 
-7.5 
4.5 
8.8 
FEN 
MAX MIN MEAN 
28.3 
31 .3 
27.7 
23.5 
19.1 
19.5 
2.0 
-2.0 
-1 .0 
7.0 
16.0 
21.5 
2.5 
4.5 
2.2 
0.8 
-6.9 
-30 
-33 
-41 
-40 
-25 
-8 
0 
15.4 
17.9 
15.0 
12.1 
6.1 
-5.3 
-15.5 
-21.5 
-20.5 
-9.0 
4.0 
ro.8 
156. 
1978 
1979 
Table R-6l Temperature extremes at ground level at three 
sites within the study area. 
MONTH 
June 
July 
August 
September 
October 
November 
December 
January 
February 
March 
Apr i 1 
May 
°C 
MUSKEG 
MAX MIN MEAN 
32.3 
33.2 
32.1 
25.0 
18.0 
U.3 
+18 
+27 
-1 .5 
1.3 
-0.2 
-1 .5 
-2.A 
16.5 
■22 
-A 
15.A 
17.3 
16.0 
11.8 
7.8 
-1.1 
-2.0 
tl.5 
°C 
TRANS. 
MAX MIN MEAN 
30.6 
30.8 
28.9 
26.1 
21.6 
17.5 
16 
25.5 
-1.1 
3.7 
1 .1 
0 
-7.9 
•15.3 
11.5 
-3 
1A.8 
17.2 
15.0 
13.1 
6.9 
1.1 
2.3 
n.3 
°c 
FEN 
MAX MIN MEAN 
27.9 
31 .3 
27.8 
25.0 
21 .8 
12.0 
17 
23 
1.6 
6.2 
3.7 
1 .A 
-5.8 
•11.0 
■12 
0 
IA.8 
18.7 
15.8 
13.2 
8.0 
-5.5 
2.5 
tt.5 
BURIED UNDER SNOW 
BURIED 
BURIED 
BURIED 
MINIMA OVER 
DEC,-APRIL 
UNDER SNOW 
from June through October. From June through September the higher 
temperatures were always recorded at 1 metre above the surface. In 
October ground level was slightly warmer. In November itwas 
warmer at ground level. 
Maximum temperatures in the muskeg wereslightly higher at 
ground level in July and August and lower in October and November. 
Minimum temperatures at ground level were lower than those of 1 metre 
in June, July, August and September. Minima at ground level were 
much warmer than those of 1 metre in October and November. 
In the muskeg temperatureswere more extreme at ground level 
during June, July, August and September. This trendwas reversed 
in October and November where ambient air temperatureswere more 
extreme than those at ground level. 
Mean temperatures in the transition zone, at ground level and 
at 1 metre, were very similar. In July itwas 1 .3°C cooler at ground 
level and in November itwas 5-l°C warmer. Minimawere consistently 
lower from June through October at ground level, mean difference was 
3.1®C. In November itwas 12.7°C colder 1 metre above ground level. 
Maxima were consistently higher at ground level, from June to October, 
mean difference was 2.7°C. In November itwas 2.5°C cooler at ground 
I eve 1. 
In the transition zone the greatest temperature extremes were 
experienced at ground level from June through October. In November 
the greatest temperature extremes were recorded by the thermometer 
suspended 1 metre above the ground. 
158. 
In the fen itcooler at ground level In June. From July 
through October mean difference in temperature was ^•2°C warmer at 
ground level. In November the mean temperatures were 0.2°C cooler 
at ground level. Minima were consistently warmer at ground level 
from July through October, mean difference is 1.0°C. In November 
the minimum temperature was 1.9^C warmer at ground level and in June 
itwasl°C cooler. Temperature maxima were cooler at ground level 
in June and November. They were very similar in July and August, 
and warmer at ground level in September and October. 
Temperatures at ground level and 1 met re were more similar in 
the fen than in the muskeg or transition. The transition zone 
exhibited the greatest extremes in temperaiture at ground level and 
had the highest mean difference between ground level and 1 metre. 
Mean temperatures for June through March at 1 met re d i f ferecN/ery 
little between sites, muskeg was -0.6°C, fen -0.5°C and transition 
+0.6'"C. Mean temperatures at ground level from June through November 
werealso very similar, fen 10.8°C, muskeg 11.2°C, transition ll.A®C. 
At both levels itwas slightly warmer in the transition zone. At 
ground level itwas coolest in the fen and at 1 metre itwas slightly 
cooler in the muskeg. 
(iti) Son and groundwater temperatures 
A) Extremes over a twelve month period 
Temperature extremes over a twelve month period were measured at 
three depths in three locations within the study area and are recorded 
in Table R-62. 
159. 
The transition zonehad higher temperature maxima than did the 
have been 
fen. The low reading at “3 cm in depth might / due to slippage of 
the maximum temperature indicator. The lowest minimum temperature 
was in the fen at -3 cm in depth (-9.^*'C). Temperature maxima tended 
to decrease with depth in both the fen and transition zone, maxima 
were higher in the transition zone (see graph R-63)- Temperature 
mi n ima increase with depth and were s 1 i ght 1 y higher in the 
fen. The transition zoneexhibited the greatest extremes in tempera- 
ture -10 cm in depth (35.6°C and -6.7°C) while the fenexhibited the 
greatest extremes at 3 cm below the surface (28.9*^C and 
Table R-62 Temperature extremes over a 12 month period 
in two locations in the study area. 
LOCATION ”3 cm 
Depth below surface 
-10 cm “30 cm 
Fen 
East Trans. 
East Bog 
MAX 
28.9 
25 
MIN 
-9.A 
-7.8 
MAX 
30.0 
35.6 
MIN 
-5.6 
-6.7 
MAX 
21.1 
30.6 
MIN 
-3.3 
-5.0 
lost 
160. 
GRAPH R-63.Temperature extremes over a twelve month period at 
3cm,10cm,and 30cm below the peat surface in eastern 
transition and fen sites(19T7-197B). 
161. 
B) Temperature stratification in Sphagnum 
hummocks 
Temperatures measured within Sphagnum hummocks were plotted on 
graphs R-64 through R-68. 
Graph R-64 illustrates temperature stratifications within a 
hummock present in muskeg vegetation to the east of the fen. The 
greatest variation in temperature with depth was in the months of 
June, July and August . The surface temperature reached a 
maximum of 32.6°C on August 1, 1978 , * c%nVr^ of the hummock at 
depths of 30 cm and 50 cm remainedFrozen until July 17, 1978. 
Temperatures within the hummock approachedjniformity during September, 
October and November. 
Graph R-65 presents temperature variations in a muskeg hummock 
on the western side of the fen. The core of this hummock was not 
frozen until November 7, 1978. Temperatures were less varied (at 
depths of 15 cm, 30 cm and 50 cm) than those of bog hummocks to the 
east of the fen (see graph R-65). 
Maximum surface temperature was 34.0°C on August 7, 1978. 
Temperature variation over depth decreased in September, October 
and November. 
Graphs R-66 and R-67 illustrate temperature stratifications in 
Sphagnum hummocks in transition zones to the east (graph R-66) and 
west (graph R-67) of the fen. The eastern hummock exhib i ted two 
zones of temperatures. The surface and -3 cm regions were considerab1y 
warmer than those at depths 15 cm, 30 cm and 50 cm below the surface. 
Continued on page 167. 
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was 
Temperature variation with depth reduced in September, October 
and November. The western transition zone hummock ^not exhibit 
temperature stratifications similar to the east side hummock. Western 
wa s 
transition hummock temperature uniformly reduced with depth, 
wa s 
Variation greatly reduced during September, October and November. 
Graph R-68 illustrates temperature stratification in a Sphagnum 
hummock in the fen. Fen hummocks ^^°'^^*^the least variation in tempera- 
ture with depth of all hummocks examined. 
wa s 
The general trend in all Sphagnum hummocks examined that of 
great variation in temperature with depth early in the growing season. 
Hummocks^^remain frozen at depths of 50 cm beneath the surface late 
into July. Later in the season (August, September, October) tempera- 
tures within hummocks ^^*^^^^toward uniformity, regardless of depth. 
.. . • . - showed , , Hummocks in muskeg sites the greatest extremes early in 
the season. Transition zone hummockswarmer near the surface and 
fen hummocks he least variation in temperature with depth. 
C) Air and soil temperature profiles in 
Sphagnum spp. hummocks 
Temperature profiles were constructed from data collected with 
copper-cons tan tan thermocouples located above and within Sphagnum spp. 
hummocks in west side fen, eastern transition zone and muskeg east 
of the fen (see Methods ll). Graphs R-71 through R-82 illustrate 
temperature stratification in and above hummocks on June 23, August 7, 
continued on page 170 
170. 
September 18 and November 1A in each of the three sites, 
wa s 
There a large difference between air and peat temperatures 
on June 23, 1978. The greatest variation between air temperature 
and soil temperature®^^^'"^^*^ in the transition zone. Warmest tempera- 
tures®^^^^*^*^^^ 10cm above the surface in the fen (25.l'’C) and transition 
zone (23*8°C) while in the muskeg, the warmest temperature (24.5°C) 
occurred at 25 cm above the surface. On June 23 muskeg and transition 
we r e wa s 
hummocks cores frozen. The transition hummock's core frozen 
at 15 cm below the surface. The muskeg hummock core frozen from 
30 cm below the surface. No portion of the fen hummock'^^^ frozen 
on June 23- 
Profiles of air and hummock temperature on August 7, 1978 were 
occurred 
similar to those of June 23- Warmest temperatures 10 cm above 
the surface in the fen (32.2°C) and transition (37*8®C) and at 25 cm 
and 50 cm above the surface in the muskeg (35.5°C). Hummock cores 
warmed up, but^^cre still frozen at “50 cm (-1.5°C) in the muskeg 
and at -30 cm (0°C) in the transition. The transition hummock'^^^ not 
frozen at “50 cm (2.3°C). The ice at 30 cm below the surface 
probably an ice lense within the hummock's centre. The least variation 
wa s 
between air and soil temperature in the fen. 
were o 
Air and soil temperatures almost uniform on September 18, 
wa s 
1978. The greatest variation in temperature in the transition zone 
hummock, while the least variationin the fen. Hummock cores were 
completely thawed in all sites. 
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173. 
W© V © 
By November 1^, 1978 air temperatures in all sites below 
were 
zero, while surface and underground temperatures above zero. 
occurred 
Warmest temperatures in all three sites at 50 cm below the 
surface, 3.2 C in fen and muskeg hummocks and ^.5 C in the transition 
zone hummock. 
Temperature profiles within and above Sphagnum hummocks were 
the most diverse on June 23. Core temperatures warm up over the 
season until November 14 when the prof i 1 es'^^'^^ almost uniform and 
show no large variation with depth. Muskeg hummocks took the longest 
to thaw and tend to thaw from the bottom up. Transition hummocks 
thaw from the bottom and top leaving an ice lense in their centre, 
remained 
this lense well into August. Fen hummocks thaw very early 
in the season and had fairly uniform temperatures throughout. 
b) WInd 
Wind direction and a subjective measurement of intensity (see 
Methods) were noted throughout the period of study and'^^*"^ recorded 
in graphs R-83 and R-85 and Figure R-8A. 
Westerly winds were most common, especially during the months 
of June, July and August. Strong east winds'^^*^^ common in March, 
April. Northwest winds'^^**® prevalent in December and January. 
Winds tended to blow up and down the fen, rather than across it. 
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174. 
GRAPH R-83.Wind direction and frequency in the study area 
determined by weekly observation. 
GRAPH R~85.Wind direction and empirically determined intensity 
in the study area. 
175. 
Precipitation and relative humidity 
(i) 
Point measurements of snowfall in eight sites representative of 
muskeg, transition and fenaveraged and plotted in graph R-86. 
See figure M-4. 
Snow depthgreatest in muskeg and least in the fen. Transition 
zone hollows more snow than hummock tops, the deepest snow 
encountered was in a hollow (52 cm on March 20, 1978). 
The study area was blanketed in snow from December 12, 1977 to 
April 20, 1978. Snow melted most rapidly in fen and transition sites. 
However, hollows in the muskeg thawed and froze frequently throughout 
the months of February, March and April. 
(ii) §599 §G^ §5 Tl]y0^95 §§Y 
Airport 
Rainfall was measured in the eastern transition zone of the study 
area. Table R-87 and Graph R-88 compare rainfall for one 
week periods from May 19 to November 7, 1978 both in the study area 
and at the Airport. 
Total rainfall from May 19 through November 7 in the study 
area322.2 mm and at the Airport 330.7 nini. The difference between 
the two sites is 8.5 mm. Because the instrument used at the Airport 
read daily and the rainjgauge in the study area was read weekly 
differences between rainfall at the two sites can probably be 
accounted for by evaporation from the raingauge between readings in 
the study area. 
176. 
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R-8y 1978 Rainfall (imi) Study Area and Thunder Bay Airport 
( Weekly Totals) 
William Bog Thunder Bay Airport 
mm Precip. (Rainfall) (exclusive of final date) 
4.1 
41.4 
14.9 
0 
2.7 
61.8 
16.2 
19.7 
14.5 
13-4 
5.4 
3.3 
36.0 
15.8 
12.2 
12.2 
10.5 
5.8 
21 .0 
4.6 
5.2 
0 
0.6 
0.9 
3.6 
39.1 
12.9 
9.8 
5.0 
56.3 
23.4 
16.2 
14.4 
15.6 
7.6 
3.7 
34.5 
12.3 
12.6 
10.8 
16.7 
4.9 
17.9 
3.6 
7.2 
0.2 
0.4 
1 .6 
froze 
Nov. 14) 322.2 330.7 
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179. 
(lii) % Re][at£ve hyn)ld[tY in 0uskeg, transjt|on 
and fen s|tes 
Per cent humidity measured in three sites within the study area 
were 
is presented in Graph R-89. There, no significant differences 
(p ^ 0.05) in relative humidity between muskeg, transition and fen 
were 
sites. Readings for the fen slightly lower than those of other 
sites. 
Water and soil level fluctuations 
Fluctuations in the water table of muskeg, transition, and fen 
sites was monitored for 28 weeks (from May 29, 1978 - November 1^, 1978) 
(see Methods ll-d). Changes in each level from week to week in each 
site and in the peat mat are illustrated In graphs R~91 through RSk, 
Precipitation during the period of observationincluded on each 
graph. Data is outlined in Table R~90. 
Muskeg 
w . .11, ibited . Muskeg water table levels large weekly changes during 
June and July 1978. After 6O.5 mm of rainfall from June 23"30, the 
water table rose 15 mm then fell steadily each week until September 
11. The sharpest drop in water level came during the week of 
July 17~25. After September 11 the water table fluctuated upward 
with increased rainfall and then fell steadily until freeze up 
appeared to br, 
November 1^. There no statistically significant relation- 
ship between rainfall and muskeg water table fluctuations. 
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T ransition 
I8l. 
Levels in the transition zone'30 rmi after 60.5 mm of 
rainfall from June 23“30. After that time the water table fell 
steadily until the week of August 21-28. Through September the 
water table fluctuated with precipitation then fell steadily after 
October 16 as precipitation dwindled. However, the relationship 
was not statistically significant. 
Fen 
Water table level in the fen rose 60 mm after 60.5 mm of rainfall 
from June 23"30. Levels fell steadily until August 28. From that 
time on the water table fluctuated with rainfall until October 30 
when ice formation rendered measurements inaccurate. Once again, 
wa s 
the relationship between water table level and rainfall not 
statistically significant. 
Continued on page 187. 
182. 
Table R-90 Weekly raInfa11, change in water table 
level and peat mat fluctuation. 
Rainfal1 (mm) MUSKEG mm 
Change in level 
TRANSITION mm FEN mm 
PEAT 
MAT 
1978 May 
June 
July 
Aug. 
Sept. 
Oct 
Nov 
19 
25 
2 
8 
15 
23 
30 
8 
17 
25 
1 
7 
14 
21 
28 
5 
11 
18 
25 
3 
9 
16 
23 
30 
7 
4.1 
41 .4 
14.9 
0 
2.7 
61.8 
16.2 
19.7 
14.5 
13.4 
5.4 
3.3 
36.0 
15.8 
12.2 
12.2 
10.5 
5.8 
21 .0 
4.6 
5.2 
0 
0.6 
0.9 
+45 
+ 15 
-20 
-20 
-15 
-65 
-30 
- 5 
-2.5 
-6.0 
-6.0 
-13 
+ 5 
0 
+ 15 
- 6 
- 7 
- 6 
-21 
-15 
-42 
- 1 
-35 
30 
-25 
-10 
-20 
-49 
-49 
-55 
-11 
+ 14 
- 4 
+ 15 
- 6 
-10 
+14 
- 5 
2.5 
- 7 
-17 
-22 
-58 
-14 
-35 
+60 
-25 
-20 
-45 
-60 
-41 
- 6 
-16 
-16 
+ 9 
+ 18 
- 8 
-21 
+26 
+ 9 
+ 12 
+ 7 
-12 
-20 
-15 
+ 10 
-20 
-10 
0 
+ 5 
0 
0 
+ 8 
-13 
+ 8 
-34 
0 
+2.5 
+ 6 
- 9 
-13 
+ 6 
-12 
+ 2 
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183. 
GRAPH R-91.Weekly precipitation (top'' and muskeg water 
table fluctuations in the study area(June 2^- N0V.1J4 ,19T8)» 
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184. 
GRAPH R-92.Weekly precipitation(top) 
water table fluctuations in the study 
and transition zone 
area(June 8- Nov.l4,1978). 
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185. 
GRAPH R-93.Weekly precipitation(top) 
fluctuations(June 2- Oct. 30,1978). 
and fen water table 
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186. 
GRAPH R-9^.Weekly preclpltation(top) and peat mat 
level fluctuations(June 8- Nov.7^1978). 
187. 
In summary, water table fluctuations'^^’*^ greatest in the fen 
and less in the muskeg and transition. FI uctuat ions be 
related to rainfall or lack of rainfall most noticably in June, 
September and October. Water levels fell in all sites during July 
and August. However, these re 1 at ionsh i psnot statistically 
s ignificant. 
Peat Mat 
The peat mat fluctuated with less amplitude than the water table. 
The mat rose with increased precipitation during the week of June 
23”30 and from that t ime^'”*^*^^^‘^or exhibits no change until the week 
of July 25 when it rose 5 mm. During the next two weeks the mat's 
levelconstant. After August 1^ mat fluctuations seem to be 
related to rainfall or lack of rainfall, but not with statistical 
significance. 
e) Water and soil characteristics 
Chemical and physical characteristics of water and soil samples 
taken from quadrats 1-100 (transects A-G) were measured in the field 
and laboratory. Mean values, standard deviations and ranges for 
quadrats falling in subjectively classified muskeg, transition and 
fen sites, east, north and west of the fen's centre are reported in 
Tables R~95 through R-110. 
188. 
Water 
(i) ^9 ^9^91! ^9^19 
Depth to the water table was measured in each quadrat (l-lOO). 
Results'^^^® grouped by subjective classification and location in 
relation to the fen's centre and are documented in Table R-95. 
There'^^^ no significant difference between depths to water 
table in east, north and west muskeg sites. The situation'^^^ the 
same in transition and fen samples. Depth to water table varied 
significantly (p s 0.05) only between subjectively classified 
sites (ie. muskeg, transition, fen). The trend between sites was 
to shallower water tables as you approach the fen. 
(ii) pH of ^9ter samples 
pH readings of water samples taken from 100 quadrats'^®*”® grouped 
by subjective classification and location in relation to the fen 
centre. Mean values are presented in Table R-96. 
Muskeg s i tes'^^**j I ^ I from one another (p s 0.05). 
Eastern muskeg'^^^ the most acidic (k.Sk) and northern muskeg'^^^ the 
least acidic (6.65)• 
Transition sites also vary significantly from one another. 
Eastern transition '^^^the most acidic (5.13) and northern transition 
was the least acidic (6.75). 
Eastern fen samp 1 es'^^'^® significantly different from northern 
and western fen samples. Eastern fen water'^^^ somewhat acidic (5-58) 
while northern and western fen waters, which do not differ significantly. 
approach neutra1ity. 
189. 
Table R-95 
DEPTH TO WATER TABLE (cm) 
LOCATION (in relation to the fen) 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
20.6cm 
33.0 cm 
8.92 
mean 
range 
S.D. 
16.06cm 
26.0cm 
9.24 
ABC 
mean 
range 
S.D. 
21 .^12cm 
30.0cm 
5.79 
19.28 cm 
TRANSITION 
mean 
range 
S.D. 
16.2cm 
32.0cm 
8.97 
BC 
mean 
range 
S.D. 
7.25cm 
14.Ocra 
4.17 
AB 
mean 
range 
S.D. 
9.8cm' 
26.0cm 
4.84 
ABC 11.1 cm 
FEN 
mean 
range 
S.D. 
3.9cm 
25.0 cm 
9.3 
mean 
range 
S.D. 
5.6 6cm 
20.0 cm 
8.9 
AB 
mean 
range 
S.D. 
3.9cm 
15.0cm 
6.4 
4.5 cm 
MEAN 
TOTAL 13.58 cm 9.7 cm 11.6 cm 
Means followed by the same letter DO NOT differ significantly at p-0.05 
I'bcample: East Muskeg i_^ significantly different from East Fen 
but, not significantly different from East Transition. 
North Muskeg is not significantly different from North transition 
and North Fen 
West Muskeg is_ significantly different from West Fen, but, 
not West Transition. 
None of the Muskeg sites differ significantly from one another. 
None of the Transition sites differ significantly from one another. 
None of the Fen sites differ significantly from one another. 
190. 
Table R-96 
pH OF WATER SAMPLES (June 1978) 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
4.84 
0.4 
0.13 
mean 
range 
S.D. 
6.65 
0.4 
0.11 
mean 
range 
S.D. 
6.23 
1.1 
0.33 
B 
5.90 
TRANSITION 
mean 
range 
S.D. 
5.13 
1.0 
0.32 
mean 
range 
S.D. 
6.26 
1.1 
0.39 
B 
mean 
range 
S.D. 
6.75 
0.7 
0.24 
6.01 
FEN 
mean 
range 
S.D. 
5.58 
0.6 
0.21 
D 
mean 
range 
S.D. 
6.40 
0.9 
0.4 
mean 
range 
S.D. 
6.74 
0.5 
0.18 
6.2U 
MEAN 
TOTAL 5.20 6.43 6.57 
Means followed by the same letter DO NOT differ significantly at p^O.05 
See table R-95 Tor detailed expla nation of how to interpret significance 
between sites. 
191 
Water pH gradients from muskeg to fen '^^^^evident on the east 
side. Readings towards the fen, although statistically, 
only the fen water's pH s i gn i f i can 11 y different from muskeg and 
0xh i b 1 transition. pH readings from the north side of the fen no 
gradient from muskeg to fen. Western pH readings demonstrated a 
gradient from muskeg to transition where pH values increased from 
6.23 to 6.75, then i form between transition and fen. 
Water sample pH'^^^ similar to soil sample pH's in all sites 
and locations. 
(iii) Calcium content of water samples 
++ 
Calcium ion (Ca ) concentration in water samples from 100 ppm 
quadrats was measured in the Lakehead University Science Instrumentation 
Laboratory. Resu 1 ts'^^'^^ grouped by subjective classification of 
quadrats and location in relation to the fen. Group means are 
reported in Table R-97- 
Calcium ion concentrations do not differ significantly (p < 0.05) 
from muskeg to fen in neither eastern nor northern locations within 
the study area. However, there'^^^ a non-significant gradient from 
low (4.09 PpiTi) to higher (11.68 ppm) concentrations of calcium from 
muskeg to fen on the east side. Such a gradient'^^^ not evident on 
the north side, calcium concentration'^^^ uniform from muskeg to fen. 
A significant difference in calcium concent rat ionbetween 
western muskeg and transition sites. A gradient between muskeg 
(10.61 ppm), transition (20.AO ppm) and fen (23*69), sites on the west 
side, ^^^evident. Calcium ion concentration increased towards the fen. 
192. 
TalDle R-9T 
CALCIUM CONTENT (ppm) OF WATER SAMPLES 
EAST NORTH WEST 
MEAN 
TOTAL 
^  
mean 14.96 ppm mean 
range 1.02 range 
S.D. 1.02 S.D. 
MUSKEG 
mean 
range 
S.D. 
4.09ppm 
2.1 
0.68 
10.61ppm 
13.8 
4.68 
AB 
9.89 ppm 
TRANSITION 
mean 
range 
S.D. 
8.97ppm 
13.6 
4.54 
AB 
mean 
range 
S.D. 
14.98ppm 
6.3 
1.37 
BC 
mean 
range 
S.D, 
20.40ppm 
2.96 
7.73 
CD 
I4.T8 ppm 
FEN 
mean 
range 
S.D. 
11.68ppm 
17.0 
5.88 
AB 
mean 
range 
S.D. 
15.27ppm 
8.7 
3.05 
BCD 
mean 
range 
S.D. 
23.69ppm 
33.5 
10.79 
D 
17.31 ppm 
MEAN 
TOTAL 
8.25 ppm 15.07 ppm 1U.9 ppm 
Means followed by the same letter DO NOT differ significantly at p^0.05 
See Table R-95 for expla nation of how to interpret significance 
levels between sites. 
TaMe R-98 
193. 
CONDUCTANCE OF WATER SAMPLES (micromhos/cm at 20^C) June 1978 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
55.81 
20.0 
6.79 
mean 
range 
S.D. 
150.12 
36.0 
12.26 
BC 
mean 
range 
S.D. 
65.25 
85.0 
28.03 
90.39 
TRANSITION 
mean 
range 
S.D. 
75.86 
74.0 
17.02 
mean 
range 
S.D. 
131.38 
46.0 
15.52 
B 
mean 
range 
S.D. 
145.5 
70.0 
19.97 
BC 
117.58 
FEN 
mean 
range 
S.D. 
112.57 
62.0 
21.47 
B 
mean 
range 
S.D. 
144.66 
14.0 
5.28 
BC 
mean 
range 
S.D. 
164.3 
147.0 
48.27 
lUo.51 
MEAN 
TOTAL 
81.4l 142.05 125.02 
Means followed by the same letter DO NOT differ significantly at p^0.05 
See Table R-95 for expla nation of how to interpret significance 
levels between sites. 
19^. 
Table R-99 
NOVEMBER (1978) WATER SAMPLE CONDUCTANCE READINGS (micranhos/cm at 20^C) 
NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
ITT. 2 
29 
11.987 
mean 
range 
S.D. 
119.6 
61 
25.696 
BE 
1U8 .U 
mean 157*^ 
TRANSITION range 36.0 
S.D. 17.23 
AD 
mean 
range 
S.D. 
1^43.0 
77.0 
28.86 
BCD 
150.2 
ITIN 
mean 
range 
S.D. 
129. U 
5U 
1U.32 
BE 
mean 
range 
S.D. 
156.6 
36 
1U.9I 
AC 
IU3.O 
MEAN 
TOTAL 15^.67 139.73 
Means followed by the same letter DO NOT differ significantly at p-0.05 
See table R-95 Tor expla nation of how to interpret significance 
levels between sites. 
195. 
Calcium ion concentration increased from east through north to 
west in transition and fen sites, concentrations ign i f i cant ly 
different between eastern and western locations, northern locations 
were intermediate. 
(iv) 9f 
Water samples from quadrats 1-100 were tested for conductance. 
Mean readings '^^''^given in micromhos/cm and grouped by location and 
subjective classification of quadrats in Table R-98. 
Conductance of water samples increased along the gradient from 
muskeg to fen in eastern and western locations. Differences between 
sites i gn i f i cant only between transition and fen on the east 
side and muskeg and transition on the west side. Samples from 
northern locations^’ ^®^no gradient from muskeg to fen. 
Transition and fen sites P^'^sente^ gradient in water sample 
conductance values which ran from low to higher going east through 
north to the west side of the fen. Muskeg sites” ” not exhibit such 
a gradient. 
Table R-lOO Conductance of water samples (micromhos/cm) 
at 20°C in June and November 1978 
MUSKEG 
TRANSITION 
FEN 
June 
150.12 
131.38 
UA.66 
NORTH 
Nov 
177.2 
157.^ 
129. A 
WEST 
June 
65.25 
U5.5 
I6i|.3 
Nov 
119.6 
143.0 
156.6 
196. 
During June sampling of transects C and D excessive rainfall 
introduced some doubt^°'^*'ffie 'Oal 1 i d ity of conductance values from 
water samples. Consequently, transects D and E were resampled after 
a period of low rainfall in November. Results of readings from 30 
water samples are presented in Table R-99- 
November conductance values^*^^^*^^*^significantly (p < 0.05) 
from June values in only one location, western muskeg. Conductance 
values were much lower in June (62.25 micromhos/cm) than in November 
(119.6 micromhos/cm). The gradient in conductance values from low 
to high, in west side samples,maintained from June to November 
(see Table R-IOO). 
A large amount of rainfa 1 1 to reduce conductance values 
slightly in all but fen sites. 
2 . So i 1 
(v) §9il 9t! 
Soil pH was measured in 100 samples of moist peat during June 
and July 1978. Resul ts'^^*^^ entered in Table R-101. 
When mean pH values'^^^^ compared between sites east, north 
did 
and west of the fen, northern and western sites not differ 
significantly from^*^^ another. Although, peat^^^^ slightly more basic 
(6.67) in northern muskeg and western transition (6.6I) than in other 
northern and western samples. Eastern s i tesmore acidic in muskeg 
(A.92) and transition (5.26) than in northern and western samples. 
Eastern fen samp 1esmore acidic (5.68) than western fen samples 
(6.38). 
Ta"ble R-101 
197. 
SOIL pH (JUNE 1978) 
LOCATION (in relation to the fen) 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
4.92' 
0.68 
0,22 
mean 
range 
S.D. 
6.67 
0.59 
0.20 
D 
mean 
range 
S.D. 
6.37 
0.58 
0.18 
D 
5.99 
TRANSITION 
mean 
range 
S.D. 
5.26 
0.95 
0.25 
AB 
mean 
range 
S.D. 
6.19 
1.43 
0.46 
D* 
mean 
range 
S.D. 
6.61 
1.03 
0.30 
D 
6.02 
FEN 
mean 
range 
S.D. 
5.68 
0.70 
0.30 
BC 
mean 
range 
S.D. 
6.15 
1.28 
0.50 
CD* 
mean 
range 
S.D. 
6.38 
1.05 
0.23 
6.07 
MEAN 
TOTAL 5.29 
6.3I4 6.45 
Means followed by the same letter DO NOT differ significantly at p^0.05 (gee Table R-^9 
Means followed by * are significantly different at p^O.OOl from 
November readings taken at the same site. 
198. 
Ta^ble R-102 
SOIL pH (NOVEMBER 1978) 
LOCATION( in relation to the fen) 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
4.64 
0.70 
0.27 
mean 
range 
S.D. 
6.58 
1.20 
0.47 
mean 
range 
S.D. 
6.07 
1.15 
0.33 
B 
5.T6 
TRANSITION 
mean 
range 
S.D. 
4.84 
0.65 
0.48 
mean 
range 
S.D. 
6.77 
1.03 
0.41 
C* 
mean 
range 
S.D. 
6.21 
1.45 
0.46 
D 
5.9>t 
FEN 
mean 
range 
S.D. 
5.77 
0.95 
0.48 
B 
mean 
range 
S.D. 
6.56 
1.47 
0.41 
C* 
mean 
range 
S.D. 
6.65 
1.15 
0.38 
6.32 
MEAN 
TOTAL 
5.08 6.6h 6.31 
Means followed by the same letter DO NOT differ significantly at p^0.05 
(see Table R-95) 
Means followed by * are significantly different at p’^0.001 from 
June readings taken at the same site. 
199. 
Table 
LOCATION 
MUSKEG 
TRANSITION 
FEN 
R-103 Mean soil pH in June and November 
EAST NORTH WEST 
June 
4.92 
5.26 
5.68 
Nov. 
4.64 
4,84 
5.77 
June 
6.67 
Nov. 
6.58 
6.17* 6.77* 
6.15* 6.56* 
June 
6.37 
6.61 
6.38 
Nov. 
6.07 
6.21 
6.65 
means followed by * are significantly different 
at p < 0.001 
A gradient from acidic to basic, approaching the fen,'^^^ evident 
on the east side only. Graph R-lOA illustrates individual pH readings 
as a function of distance along transects A-F. 
While sampling transects C and D 63-5 mm of rain fell over a two 
day period. Uniform pH values were suspect due to possible flooding 
of muskeg and transition sites. Consequently, transects B, C, D, E 
and F were resampled for soil pH on November 10, 1978 after only 1.5 
mm of rainfall over a two week period and flooding effects, consequent 
minimi zed. 
Results of November 1978 peat pH values are presented in Table 
R-102. Although November read i ngs'^^'*^ not as uniform as June readings 
in sites north and west of the fen, they werestill significantly 
different from east side sites. The only exception'^^^ west side 
muskeg (6.07) where pH values'^^’”^ very similar to eastern fen values 
W6 TG (5-77). November pH readings similar in all sites north of the 
fen. 
Gradients in pH from muskeg to fen'^^^^ evident in east and west 
side samples only. Graph R-105 depicts pH readings as a function of 
distance along the transect for November samples in transects B, C, 
0, E, and F. 
When comparing June and November pH values at p ^ 0.001 the 
only sites which differ s i gn i f i cant 1 ythe western transition and 
fen. November samples'^®'^^ more basic (transition 6.77, fen. 6.56) 
than (transition 6.15, fen 6.19) June samples. The effect of high 
rainfall over a short period ^^^to lower the peat pH's and reduce 
the difference in pH between muskeg, transition and fen sites. 
201. 
^ Letter refers to transect identification 
Direction refers to transect origin in relation to fen centre. 
Muskeg to Fen. 
202. 
Fen 
^ Letter refers to transect identity 
Direction refers to locatioir* 
pH 5 
') ^"9* 13 iB" 2l 2U 2Y 30 3!^ 36 39 
Muskeg Transition Fen 
(JHAPH R-105.November 1978-Peat pH readings along transects running 
from Muskeg to Fen. 
203. 
Table R-105 A 
pH, Conductivity (micromhos/cm at 20 C) and Calcium concentration (ppm) 
of rainwatefr sample obtained June 30 1978 from 
rain gauge in the study area. 
rainwater 
pH 
6.25 
conductance ^ 
(Micromhos/cm at 20 C) 
21.0 
calcium 
(ppm) 
1.3 
20^. 
(vi) C/N ratio of geat satngfes 
C/N ratios of peat samples were calculated from total carbon and 
nitrogen data. Results of analysis of 100 samples, grouped by sub- 
jective classification and location in relationship to the fen centre, 
can be found in Table R-106. 
C/N ratios in all muskeg sites do not differ significantly, at 
p < 0.05 , when compared by location in relation to the fen. This 
wasalso the case in fen sites. Transition zone C/N ratios differ 
significantly between the east (55*99) and west (23*^5) sides only. 
V/est side mean C/N ratio was lower, indicating more total nitrogen 
in peat samples. 
C/N ratios do not differ singificantly between muskeg, transition 
and fen sites. There was no gradient of C/N ratios, either increasing 
or decreasing, from muskeg to fen. 
(vii) Ammonfurn and Nftrate content of geat samgjes 
Available nitrogen in the form of ammonium and nitrate ions 
was measured in 29 peat samples taken from transects A and F. Results 
are presented in Table R-107 and R-108. There were no significant 
differences at p ^ 0.05 detected between subjectively grouped sites 
and location in relationship to the fen. 
Ammonium content (NH^), in ppm, appeared to be greater in muskeg 
and fen sites than in transition sites. Nitrate content (NO^) in 
ppm,was relatively uniform between sites. The lowest value (1.5 ppm) 
occurredin the eastern transition zone, the highest value (6.1 ppm) 
was found in the eastern muskeg site. 
205. 
TaMe R-106 
C/N RATIOS OF PEAT 
LOCATION (in relation to the fen) 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
46.18 
45.57 
13.56 
AB 
mean 
range 
S.D. 
33.25 
17.9 
4.92 
AB 
mean 
range, 
S.D. 
27.25 
21.83 
6.74 
A 
35.56 
TRANSITION 
mean 
range 
S.D. 
55.99 
126.24 
35.01 
B 
mean 
range 
S.D. 
35.15 
55.01 
13.09 
AB 
mean 
range 
S.D. 
23.4^ 
8.91 
2.77 
38.20 
FEN 
mean 
range 
S.D. 
36.15 
24.62 
9.59 
AB 
mean 
range 
S.D. 
33.39 
55.01 
2.66 
AB 
mean 
range 
S.D. 
28.97 
10.36 
10.36 
32.84 
MEAN 
TOTAL 
46.11 33.93 26.56 
Means followed by the same letter DO NOT differ significantly at p4s0.05 
See Table R-95 for expla nation of significance levels between sites. 
Table R-IOT 
206. 
AMMONIUM CONTENT OF SOIL SAMPLES (TRANSECTS A and F only) 
EAST (A) WEST (F) 
MUSKEG 
mean 
range 
S.D. 
122ppm 
123ppm 
44.85 
mean 
range 
S.D. 
104.5ppm 
124 ppm 
51.41 
TRANSITION 
mean 
range 
S.D. 
94.17ppm 
43ppm 
15.87 
mean 
range 
S.D. 
62.Oppm 
14.58ppm 
32.92 
FEN 
mean 
range 
S.D. 
130.66ppm 
7 Op pm 
35.23 
mean 
range 
S.D. 
103.Oppm 
66 ppm 
32.92 
Table R-J.08 
NITRATE CONTENT OF SOIL SAMPLES 
EAST (A) 
(TRANSECTS A and F only) 
WEST (F) 
MUSKEG 
mean 
range 
S.D. 
6.Ippm 
31.Oppm 
12.65 
mean 
range 
S.D. 
4.2ppm 
11.Oppm 
5.2 
TRANSITION 
mean 
range 
S.D. 
1.5ppm 
3.Oppm 
1.22 
mean 
range 
S.D. 
5.Ippm 
17.0 ppm 
6.4 
FEN 
mean 
range 
S.D. 
2.66ppm 
5.Oppm 
2.8 
mean 
range 
S.D. 
3.7 5ppm 
4.Oppm 
1.89 
NO SIGNIFICANT DIFFERENCES BETWEEN MEANS WERE DETECTED AT p^0.05 
207. 
There wasno gradient in available nitrogen values from muskeg 
to fen. 
(viii) Per cent loss-on-Ignjtmn of geat 
Loss-on-ignition of peat samples from 100 quadrats was determined 
in the laboratory. Results are presented in Table R-109. Values were 
grouped by subjective classification and location in relationship to 
the fen's centre. 
Per cent loss-on-ignition of peat samples from muskeg sites did 
not differ significantly (p 0.05) with location. Transition sites 
d i f ffsred s i gn i f i cant I y from east to west. Western transition zone peat 
lost less upon ignition (67.52%) than did eastern transition peat 
(81.07%). Pen peat loss-on-ignition differeds ignificantly between 
eastern and western sites. Western fen peat (15.01%) lost less 
when ignited than eastern fen peat (79*68%). 
Although, there wasno statistically significant change in loss- 
on—ignition from muskeg to fen in each location, there was a slight 
gradient. Muskeg site peat samples lost the most material upon 
ignition, transition sites lost an intermediate amount and fen 
samples lost the least material upon ignition. 
(ix) yon Post hum|f[cat|on of peat 
Humification of peat samples was assessed in the field using 
the von Post scale. Results from 100 quadrats grouped by subjective 
classification and location in relation to the fen's centre are shown 
in Table R-110. 
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Table B-JL09 
PERCENT LOSS ON IGNITION QF PEAT SAMPLES 
LOCATION (in relation to the fen) 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
86.81% 
12.01% 
4.24 
mean 
range 
S.D. 
78.34% 
26.77% 
8.83 
ABC 
mean 
range 
S.D. 
75.05% 
44.76 
13.36 
ABC 
QO,66% 
TRANSITION 
mean 
range 
S.D. 
81.07^ 
20.3% 
6.15 
mean 
range 
S.D. 
75.77% 
40.9% 
9.9 
ABC 
mean 
range 
S.D. 
67.52 
27.04 
10.88 
AB 
7h,Qo% 
FEN 
mean 
range 
S.D. 
79.68% 
24.3% 
8.54 
BC 
mean 
range 
S.D. 
76.00%^^^ 
22.67% 
6.8 
mean 
rahge 
S.D. 
65.01 
27.04% 
10.04 
73.60% 
MEAN 
TOTAL 82.50^ 76.70% 69.20$^ 
Means followed by the same letter DO NOT differ significantly at p^0,05 
See Table R-95 for explanation of significance levels between sites. 
209. 
TaMe R-UO 
VONPOST HUMIFICATION OF PEAT 
LOCATION (in relation to the fen) 
EAST NORTH WEST 
MEAN 
TOTAL 
MUSKEG 
mean 
range 
S.D. 
2.9 
3 
0.94 
mean 
range 
S.D. 
3.5 
3 
1.1 
mean 3,6 
range 4 
S.D. 1.4 
3.3 
TRANSITION 
mean 
range 
S.D. 
3.1 
4 
1.22 
mean 
range 
S.D. 
3.9 
2 
0.66 
mean 4.0 
range 3 
S.D. 0.94 
3.6 
FEN 
mean 
range 
S.D. 
3.7 
3 
1.1 
mean 
range 
S.D. 
4.2 
2 
0.75 
mean 4.4 
range . 3 
S.D. 1.58 
k,l 
MEAN 
TOTAL 
3.2 3.8 U.O 
No significant 
See Table R-95 
differences between means were detected at p^0.05 
for explanation of significance levels between sites. 
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No statistically significant relationships between grouped mean 
values were detected at p 0.05* 
Muskeg peat tends to be the least humified in all locations. 
Eastern muskeg peat (2.9) was less humified than nofthern or western 
muskeg peat (3*5, 3*6 respectively). Transition peat was intermediately 
humified when compared to muskeg and fen peats in all locations. 
Eastern transition peat was less humified than northern or western 
transition peat. Fen peatwasthe most humified in all locations, 
western fen samples had the highest von Post rating, northernwere 
intermediate and eastern the least humified of the fen samples. 
Thereweretwo identifiable gradients in humification of peat. 
The first went from muskeg to fen, fen samples being the most 
humified- The second gradient ran from east to west, with western 
samples the most humified. However, these gradients were not statis- 
tically significant at p < 0.05. 
3. Relationships between environmental factors 
!n order to ascertain the degree of interrelationship between 
measured environmental factors Pearson correlation coefficients 
were calculated for all possible pairs of factors. Results of this 
analysis can be found in Table R-111. Environmental factors signifi- 
cantly correlated at p 0.001 are summarized in Table R-112. 
23 3. 
One group of Factors (Group I) whichwere positively correlated 
are: pH of soil, pH of water, conductance of water, calcium content 
of water, von Post humification of peat, and to some degree total N 
content of the soil. Another group of positively correlated factors 
(Group II) were loss on ignition, total carbon, total hydrogen and 
depth to water table. In most cases group I environmental factors 
were negatively correlated to group II factors. The factors which 
showed the least correlation to any other factors are ammonium (NH^) 
and nitrate (NO^). 
T
ab
le
 
R
-1
11
 
P
ea
rs
on
 
c
o
r
r
e
la
ti
o
n
 
c
o
e
ff
ic
ie
n
ts
 
c
a
lc
u
la
te
d
 
be
tw
ee
n 
a
ll
 
m
e
a
s
u
re
d 
e
n
v
ir
on
m
en
ta
l 
fa
ct
o
rs
 
in
 
th
e 
s
tu
dy
 
a
re
a
 
I E 
O Q. 
2 Q. 
+ E Q. 
Z QL 
E 3 ^ 
E 
O CL 
— Q. 
ID O 
(U 
o 
c ^ 
ID V) O 
4-» O o 
O _C O 
3 E CNJ ■o E 
c    
O «J 
o 
ID 5 
□c 
Q. 
O ■M L. (1) 0) — 
JZ JO E 
4-J ID ID O 
CL 2 -LJ '— (U 
-o 
JO 
c_> 
<N> 
O i/) 
JC 
CL 
lA 
O 
a. 
c 
o 
> 
<D 
JJ M- 
E O (V 
3 O 
C 
o 
o 
ID 
o 
OO 
o 
o 
CT\ OOt O 
o 
> 
ro O LT\ O 
-T 
o 
o 
ir\ 
o 
r>. 
o 
LTV 
LTV O 
vO O 
CM 
vO 
urv o 
o o 
o •- 
212, 
-a" 
o 
oo 
oo 
0 1 
vD 
-:r 
CM 
oo 
O 
oo 
-4* 
o 
CM 
CM 
CM 
O 
I 
oo 
o I 
vD O 
CM 
OO 
O 
I 
o 
o 
■5C 
CM 
-:T 
-!C 
CM 
v£> 
UN 
■ti 
LA 
•1C 
CA 
CM 
vO O 
-ic 
-T 
OO 
CM 
-cr 
-1C 
vO 
vO 
-1C 
CM 
o 
C30 
o 
o 
0 
1 
0 
1 
0 
1 
o — 
CO 
oo 
-d* oo vO LA -3- 
O 
I 
-It 
CM 
OO 
OO 
0 
1 
•1C 
CA 
OO 
OO 
O 
I 
MD 
CA 
CM 
cr> 
o 
LA 
MD O 
o 
oo 
o 
oo 
oo 
-1C 
CO 
CA ■cA 
O 
t 
O'- 
CM 
OO 
O 
\£> 
OO 
o 
I 
-cr 
LA 
oo 
o 
I 
o 
o 
■It 
oo 
o 
I 
vO 
-cr 
CM 
o 
I 
o 
oo 
o 
CO 
o 
-3- vO oo 
CO 
CM 
O 
I 
o 
o 
CA 
CM 
CA 
CA 
OO 
O 
I 
CA 
-3‘ 
O 
O 
I 
O 
CA 
CM 
O 
<o 
A-. 
CM 
O 
o 
o ^ 
-1C 
oo 
oo 
o 
I 
A^ 
-3" 
CM 
O 
I 
LA 
VD 
O 
OO 
CM 
CA 
O 
o 
VI 
CL 
O ^ 
CM 
O 
-3’ 
O 
I 
OO 
CM 
CM 
O 
I 
LA 
I— 
CA 
O 
O 
O »- 
CA 
-3" 
-S' 
0 
1 
oo 
-S' 
•cr 
o 
I 
o 
o 
CM 
oo 
o 
o 
o — 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
CA 
CA 
CA 
CM 
CA 
CM 
cO 
O 
Q- 
C O 
> 
CD 
c cn 
O O 
r> v_ 
V- XJ 
CD >- 
o _c 
oM> 
CD 
cn 
CD 
O 
O CD 
4~> +-J CD 
-CL- ID 
•M CD 5 
CL 4-J 
CD ID O 
•0 2 CL 
O 
3 
O 
c O 
o 
— -f oo I oo 
ID x: o 
o z z 
100*0
 
213. 
Table R-112 
Groups of positively correlated environmental factors. 
GROUP I FACTORS GROUP tI FACTORS 
pH soi1 
pH water 
Conductance of water 
Calcium concentration of water 
Total N in soil 
Loss on ignition of soil 
Total carbon of soil 
Total hydrogen of soil 
Depth to water table 
factors within a group are positively correlated Cp - 0.001) 
factors between groups are negatively correlated (p - 0.001) 
214. 
f) Peat stratigraphy 
A series of six peat cores were taken along a transect running 
from east to west across the study area (see Figure M-l). Strati- 
graphy of the peat deposits underlying the study area, as determined 
from the peat cores, is illustrated in Figure R-113* 
Sandsformedthe base upon which the peat mat had developed. The 
pH of the sands varied from the east to the west side. Sands under- 
lying muskeg and transition zoneswere slightly less basic (6.1 and 
6.2 respectively) than sands beneath the fen (6.4), fen sandsv^/ere 
slightly less basic than west side transition zone (6.6). West 
side muskegon sands of pH 6.4. The zone between the sand and 
peat consisted ^ compacted mixture of sand and peat. This zone 
was absent in the wettest part of the fen. The sedge peat matwas 
probably floating on a layer of water. Cores taken east of the fen 
were entirely Sphagnum peat with a mean pH of 5-9- Cores from the 
fen were entirely composed of sedge peat with more acidic pH's to 
the east. West side transition zone consisted of sedge peat with a 
mean pH of 6.25* West side muskeg was underlain by Sphagnum peat at 
depths greater than one metre. Above one metre the peatwas a mixture 
of Sphagnum and sedges. 
In transition and fen cores the peatbecame more humified with 
depth. Muskeg peat humificationremained unchanged, although east 
side muskegwas less humified than west side muskeg. 
There was oo indication of a charcoal layer in any of the peat 
cores removed from the study area. 
215 
216. 
Results 
IN Vegetation-Environment Relationships 
I ntroduction 
It has been demonstrated in the Vegetation section of the 
results that the floral composition of the study area varied with 
location in relation to the fen's centre. It followed a continuous 
gradient from muskeg through transition to fen, as well as from 
east to north to west. In this section environmental factors are 
related to vegetation in order to examine any vegetation-environment 
relationships present in the study area. Environmental factors with 
a significant effect on vegetation distribution will be identified. 
Relationships between environmental factors and Bray 
and Curtis Ordination 
Measured environmental factors were plotted on the Bray and 
Curtis ordination of quadrats in Figures R-II6 through R-120. Isobars 
were drawn around measures falling into arbitrarily defined measure- 
ment classes. 
(i) 
The most obvious environmental factor to be associated with any 
variation in vegetation was depth to the water table (see Table R-11^). 
Figure R-II6 illustrates how depth to the water table varied throughout 
the ordination. The entire study area falls into (see Table R-115) 
Jeglum et al's (197^) surface water level category IV (water level 
from 20 cm above to 20 cm below ground surface) except a very few 
quadrats which can be classified as Category V (wet - groundwater 
20-60 cm beneath ground surface). Depths to water table were 
217. 
Table R-114 Values of environmental factors plotted on 
Bray and Curtis ordination 
Quadrat Subjective Classification 
Depth to 
water table 
(cm) 
C/N 
(c: 1) 
Soil pH 
(June) 
conductivity 
(mhos) 
at 20°C 
A-001 
A-002 
A-003 
A-004 
A-005 
A-006 
A-007 
A-008 
A“009 
A-OlO 
A-on 
A-012 
A-013 
A-014 
A-015 
B-016 
B-017 
B-018 
B-019 
B-020 
B-021 
B-022 
B-023 
B-024 
B-025 
B-026 
B-027 
B-028 
B-029 
B-030 
E-T 
E-T 
E-T 
E-T 
E-M 
E-M 
E-M 
E-M 
E-M 
E-M 
E-T 
E-T 
E-F 
E-F 
E-F 
E-M 
E-M 
E-M 
E-M 
E-M 
E-T 
E-T 
E-T 
E-T 
E-T 
E-T 
E-F 
E-F 
E-F 
E-F 
7 
22 
0 
12 
4 
22 
7 
18 
17 
20 
20 
3 
2 
0 
0 
15 
12 
21 
25 
30 
15 
25 
21 
7 
35 
10 
0 
0 
25 
0 
107.26 
142.72 
36.36 
48.58 
71 .42 
42.19 
25.85 
62.78 
42.60 
54.85 
51.97 
37.59 
30.62 
29.87 
32.63 
44.29 
44.43 
33.33 
53.57 
43.01 
66.59 
55.94 
54.24 
145.82 
46.40 
23.23 
41 .94 
43.37 
47.85 
5.25 
5.25 
5.08 
5.10 
4.52 
5.00 
4.98 
4.78 
4.95 
5.05 
4.65 
5.00 
5.25 
5.25 
5.95 
5.19 
5.02 
4.55 
5.20 
4.90 
5.05 
5.05 
5.06 
5.15 
5.08 
5.10 
5.70 
5.90 
5.85 
5.85 
72 
70 
56 
51 
52 
64 
50 
56 
55 
60 
75 
70 
100 
78 
130 
48 
56 
62 
68 
49 
52 
38 
56 
72 
92 
112 
140 
128 
102 
no 
calcium 
(ppm) 
4.0 
4.4 
3.8 
4.0 
3.3 
3.6 
3.7 
3.3 
5.4 
4.0 
4.1 
4.6 
4.3 
6.1 
11.3 
4.9 
4.4 
4.3 
4.0 
8.3 
5.7 
4.6 
5.3 
5.4 
8.5 
15.7 
9.0 
14.1 
21.3 
218. 
Table R-114 continued 
Quadrat Subject Ive C1 assificat ion 
Depth to 
water table 
(cm) 
C/N 
(c:l) 
Soil pH 
(June) 
conductiVity 
(mhos) 
at 20°C 
C-031 
C-032 
C-033 
C-03^ 
C-035 
C-036 
C-037 
C-038 
C-039 
C-040 
C-041 
C-OkZ 
C-0A3 
C-0^4 
C-0A5 
C“0^6 
D“0if7 
D-0^8 
D-0^9 
D-050 
D-051 
D-052 
D-053 
D-05^ 
D-055 
D-056 
D-057 
D-058 
D-059 
D-060 
D-061 
N-M 
N-M 
N-M 
N“M 
N-T 
N-T 
N“T 
N-T 
N-T 
N-T 
N-T 
N-T 
N-T 
N-T 
N-F 
N-F 
N-M 
N-M 
N-M 
N-M 
N-M 
N-T 
N-T 
N-T 
N-T 
N-T 
N-T 
N-F 
N-F 
N-F 
N-F 
20 
5 
15 
15 
13 
8 
5 
7 
11 
12 
k 
7 
7 
7 
0 
0 
9 
12 
31 
29 
12 
1^ 
8 
0 
0 
10 
3 
14 
0 
0 
20 
29.80 
32.04 
32.71 
35.00 
25.64 
27.15 
24.40 
27.75 
71.83 
40.69 
33.38 
36.73 
56.14 
39.82 
30.02 
32.13 
25-50 
36.00 
43.40 
30.90 
33.94 
16.82 
28.94 
31 .50 
35.90 
31 .60 
34.17 
34.47 
36.87 
35.58 
31.28 
6.85 
6.50 
6.28 
6.70 
6.40 
6.38 
6.39 
6.20 
5.80 
5.72 
5.62 
5.42 
5.80 
5.55 
5.42 
5.70 
6.52 
6.85 
6.80 
6.70 
6.87 
6.40 
6.48 
6.72 
6.60 
6.68 
6.85 
6.70 
6.60 
6.30 
6.20 
155 
148 
137 
128 
130 
132 
130 
121 
118 
108 
115 
116 
112 
129 
I4l 
150 
160 
164 
156 
150 
158 
145 
154 
151 
151 
140 
150 
145 
148 
148 
136 
calcium 
(ppm) 
16.2 
16.3 
14.6 
13.8 
15.8 
16.0 
15.4 
14.6 
14.9 
14.1 
13.7 
15.7 
14.9 
18.7 
20.3 
17.2 
15.9 
15.6 
15.1 
15.1 
13.3 
13.9 
15.2 
15.7 
13.9 
12.4 
14.9 
13.7 
14.6 
14.2 
11 .6 
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Table R-11^ continued 
Quadrat Subjective Classificat ion 
Depth to 
water table 
(cm) (c: 1) 
Soil pH 
(June) 
conduct!vity 
(mhos) 
at 20°C 
E-062 
E-063 
E-06A 
E-065 
E-066 
E-067 
E-068 
E-069 
E-070 
E-071 
E-072 
E-073 
£-07^ 
£-075 
F-076 
F-077 
F-078 
F-079 
F-080 
F-081 
F-082 
F-083 
f-08k 
F-085 
F-086 
F-087 
F-088 
F-089 
G-090 
G-091 
G-092 
G-093 
G-094 
G-095 
G-096 
G-097 
G-098 
G-099 
G-lOO 
W-M 
W-M 
W-M 
W-M 
W-T 
W-T 
W-T 
W-T 
W-F 
W-F 
W-F 
W-F 
W-F 
W-F 
W-M 
W-M 
W-M 
W-M 
W-T 
W-T 
W-T 
W-T 
W-T 
W-T 
W-F 
W-F 
W-F 
W-F 
E-T 
E-T 
E-T 
E-T 
E-T 
E-T 
E-T 
E-T 
E-T 
E-T 
E-T 
25 
19 
25 
22 
11 
5 
9 
5 
0 
0 
10 
14 
15 
0 
16 
31 
18 
13 
13 
5 
11 
10 
8 
21 
0 
0 
0 
0 
19 
26 
14 
17 
10 
19 
5 
21 
22 
12 
32 
37.03 
32.83 
23.64 
27.70 
20.78 
21.47 
29.69 
23.92 
30.33 
22.79 
41 .80 
44.64 
30.80 
40.62 
15.20 
25.97 
23.91 
31.74 
25.51 
22.42 
22.30 
21 .06 
23.88 
23.90 
20.68 
16.55 
17.60 
40.93 
33.98 
34.90 
33.38 
28.83 
40.00 
19.58 
29.93 
34.15 
40.87 
77.66 
6.50 
6.35 
6.35 
6.40 
6.40 
6.40 
6.85 
6.75 
6.80 
6.55 
6.55 
6.50 
6.45 
6.20 
6.50 
6.02 
6.22 
6.60 
6.62 
6.40 
6.50 
6.70 
6.22 
7.25 
6.48 
5.75 
6.52 
6.15 
5.60 
5.42 
5.42 
5.58 
5.52 
5.40 
5.52 
5-48 
5.52 
5.52 
5.28 
50 
15 
80 
65 
100 
145 
138 
150 
160 
140 
129 
130 
122 
115 
100 
42 
85 
85 
132 
148 
145 
165 
170 
162 
165 
210 
210 
262 
90 
78 
85 
85 
92 
85 
98 
85 
78 
78 
75 
calcium 
(ppm) 
8.9 
15.5 
9.5 
5.7 
11 .4 
18.9 
18.7 
21.1 
22.4 
19.4 
17.1 
17.6 
16.1 
13.5 
10.8 
6.3 
19.5 
8.7 
17.0 
17.9 
17.5 
20.3 
141.0 
20.2 
20.9 
23.9 
39.0 
47.0 
13.6 
11.8 
14.7 
14.4 
16.2 
14.1 
17-4 
12.6 
10.7 
9.7 
8.5 
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Table R-115 
Jeglum_et (197^) Moisture Aeration CLASSES 
i) Deep standing water; more than 1 m of water above ground level 
ii) Medium depth standing water; 60 cm - 1 m of water above 
ground level 
iii) Shallow standing water; 20 cm - 60 cm of water above ground level 
iv) Surface water level; water level from 20 cm above to 20 cm 
below the ground surface 
v) Wet; groundwater level 20 - 60 cm beneath ground surface 
vi) Wet mesic (or very moist); groundwater level 60 - 100 cm beneath 
ground surface. 
Jeglum et al, (197^) Nutrient~pH CLASSES 
* pH ranges are ca. 0.5 units lower if moist peat pH is used 
(Jeglum, 1971) 
i) Very oligotrophic; pH equal to or less than (ca. ombrotrophic) 
ii) 01igotrophic; pH A.5 to 5-A (ca. weakly minerotrophic) 
iii) Mesotrophic; pH 5*5 to 6.A 
iv) Eutrophic; pH 6.5 to 7.A 
v) Very eutrophic; pH 7*5 or higher. 
22J . 
Ftgures R-rr6 to R'*f20 inclusive 
Grouped values of environmental measurements 
(see Table R-tfA) of soils and groundwater 
samples taken from quadrats t to tOQ plotted 
on Bray and Curtis (t957) ordination of 
presence/absence floristIc data from 
quadrats I to 100. 
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4 
227 
grouped on the ordination as 0-20 cm of water above ground surface, 
0-10 cm beneath ground surface, 10-20 cm beneath, and 20 cm and 
greater beneath ground surface. The "driest" siteswere in the lower 
left region of the ordination and the wettest sites in the upper 
right. Depth to water table did not follow a continuous gradient 
Ten 
from dry to wet sites. to 20 cm beneath ground surface category 
was divided roughly in half by the driest group. The driest group 
corresponded roughly to eastern muskeg and transition sites which 
were drier than northern or western sites. The wettest group contained 
fen and western transition sites. 
(ii) 
Carbon-to-nitrogen ratios (see Table R-114) calculated for 
soil samples from each quadrat wereplotted on the ordination in 
Figure R-117* The C/N rat iodecreased along the gradient from 
muskeg to fen. Fen sites had more total nitrogen than muskeg 
sites . 
(i ii) Soil py 
Soil pH readings are plotted on the ordination and grouped into 
Jeg 1 urn teal's (197^) trophic classes (see Table R-114) in Figure 
R-118. The trend along the scatter of quadratswas from oligotrophic 
sites (pH A.0-4.9) to eutrophic (pH 6.0-6.9) sites, the trend seemed 
to follow the Y axis with a slight tendency toward positive slope. 
Oligotrophic siteswere concentrated in the eastern muskeg and transi- 
tions and eutrophic s i teswere widely distributed through northern and 
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western sites, as well as within the fen. The most acidic peat pH 
was 4.52 in quadrat A-5 (east muskeg). The highest peat pHwas 7-25 
in quadrat F-85 (western fen). 
(iv) CoQductance 
Conductivity readingswere grouped as 0~99 umhos, 100-199 umhos 
and 200 plus jjmhos and plotted on the ordination in figure R-119* 
The higher the conductance reading, the greater the dissolved mineral 
content of the water sample (see Methods 11). 
Conductivity increased through the ordination (see Figure R-II9). 
Dissolved mineral status of water sampleswas least (0-99 pmhos) in 
eastern muskeg and transition zones, intermediate (100-199 pmhos) in 
northern, western and some fen sites and greatest (200 plus) in the 
wettest fen sites. The lowest conductivity measurement was 15 jumhos 
in the western muskeg quadrat E-63, the highest, 262 umhos in F-89, 
west fen. 
(v) 
Figure R-120 depicts the calcium content of water samples, in 
parts per million, grouped by increments of 10 ppm. Calcium content 
for the majority of sites fell into the 10-20 ppm range. Sites with 
low calcium content (O-IO ppm) were concentrated in the eastern 
transition and muskeg sites, as well as in the western muskeg. Wet 
fen sites had the (20 plus ppm) most calcium present in water samples. 
Quadrats A-5 and A-8 (east muskeg) had the lowest calcium concentration 
3.3 ppm and quadrat F-84 (west transition) had the greatest concen- 
tration at l4l ppm. 
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Soil pH, water conductance and calcium content all increased 
along a vegetation gradient which ran from east muskeg and transi- 
tion, through west muskeg, north muskeg, north and west transition 
culminating in the fen. 
Depth to water table and carbon to nitrogen ratio both decreased 
along the same gradient. 
b) Principal Components Ordination of Quadrats using 
Axes constructed from environmental data only 
Examination of environmental factors plotted on a Bray and 
Curtis ordination, constructed from presence-absence floristic data 
only, that there a gradient of environmental factors as 
well as in vegetation distribution. With Principal Components 
Wd S 
analysis it possible to use environmental factors alone to construct 
ordination axes. Figure R-121 is an ordination of 7^ quadrats from 
transects B-F located within axes constructed entirely of ten 
environmental measurements from each quadrat. Superimposed on the 
ordination subjective classification groups of quadrats. Unlike 
than the continuous scatter of po i nts'^^'ordinations 
using floristic data exc1 usive1y, (see Results Vegetation section) 
some group formation '^^^evident. Eastern transition and eastern 
muskeg sites are distinct from the rest of the sites sampled. Fen, 
north transition and north muskeg sites the most similar, while 
west muskeg '^^^distinct from western transition, a 1 though,both were 
similar to the fen. 
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AXIS 2 * N=north E*»east W-west 
M=muskeg T*»t rans 11 ion F*=fen 
figure Principal components analysis (Pearce 1969) ordination 
of quadrats 16 to 89. Quadrats are grouped by 
their subjective classification. Circled quadrat 
points are ordinated aviay from the bulk of quadrats 
in their subjective group. 
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Table R-122 helps to pinpoint the environmental factor, or 
factors, which most Influenced the distribution of quadrats within 
the ordination. The factor which accounted for the greatest per- 
centage of the total variance is conductivity, or the dissolved 
mineral status of the groundwater. Conductivity was a 1 so significantly 
positively correlated (p < 0.001) to ordination axis 1. Calcium 
content of groundwater was a 1 so significantly positively correlated 
to axis 1 together with the pH of water samples. These all 
factors present in the groundwater. 
Quadrats, when classified by physiogamy, follow axis 1 along 
groundwater characteristics. Eastern sites had the lowest values, 
they were 
most acidic with the least dissolved minerals and calcium, while 
western transition sites were less acidic with more dissolved minerals 
and calcium. The proportion of total variation within the data 
accounted for by axis 1 was 0.4^16, almost half. 
Environmental factors significantly correlated to axis twowere 
the total ^ C, H, and Z N of soil samples. As quadra ts were sorted 
along axis 2 the values for each of these factors increased Axis 2 
accounted for less of the total variation (0.2152) than axis one. 
Results of correlations of environmental factors to axis two were not 
as clear cut as correlations to axis 1. Axis two did not provide 
as much insight into underlying environmental gradients as did 
axis 1. 
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Table R-122 Correlation of ten environmental factors and 
component axes 1, 2 and 3 
Transects B to F, ~]k quadrats 
* significant at p < 0.001 
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O ecu IT 6d gathered into groups which often together in the 
c) Principal components ordination of species using 
axes constructed from floristic and environmental 
data 
which 
Figure R-123 is an ordination of 3o species achieved a 
frequency of greater than 5% from 7k quadrats along transects B-F. 
Ordination axes were constructed from floristic presence-absence 
data and ten environmental measurements from each quadrat (soil 
pH, water pH, calcium, conductance, loss on ignition, von Post 
humification, total C, H, N and depth to water table). Species 
were 
study area. 
Results of previous ordinations (Tables R-56 and R-122) indicated 
that environmental factorsaccountedfor the greatest proportion of 
variation along the axes and that floristic factors accounted for much 
less. Species in Figure R-123 ^ere sorted into groups which appeared 
to be related to environmental parameters, particularly soil and 
water pH, conductance and calcium content of water. 
Fiaea marianay Ledum groenlanddoum, Pleuroz'lum sohrebei*d and 
Smilacina trifolia were species common to drier muskeg sites, 
particularly those on the east side. East side muskeg sites 
were characterized by low soil pH, water pH, low conductivity and 
low calcium concentrations. 
Picek mariana 
Ledum groenlandicum 23^. 
Ombrotrophlc east muskeg 
Pleurozium schreberl 
Smila cilia trifolia 
Vacciriium vitis-idaea 
Sphagnum vulfianum Dicranum polysetum • 
* 'fomenthypnum nitens var falcifolium Sphagnum recurvum 
Minerot rophic 
Tomenthypnum nitens Larix laricina Sphagnum capiHi folium 
North and West Aulocomnium palustre 
Muskeg and Transition 
Calamagrostis canadensis 
Scirpusca 3spitosus Kalml a poHfiolia 
Minerotrophic west transition 
Hyrica gale Campylium stellatum 
Scirpus hudsonianum 
^ „ Polytrichum Sphagnum f us cum 1 • 
—  JuniperIBum 
Drosera rotundifolia ghamaedaphne 
• calyculata 
Ombrotrophic East Transition 
Carex livida / Vacciniuin oxycoccos 
* • 
Carex chordorrhiza 
Sarracerua purpurea 
Carex gy nocrates 
Phragmites communis 
• 
. Carex limosa Utricul^’ia radiata  «  
Carex exilis 
Sphagnum magellanicum 
Minerotrophic Fen y 
Menyanthes trifoliate 
\ 
I^quisetum fluviatile 
* Ho n ows Andromeda, glaucophylla 
Minerotrophic Fen Hummock tops 
figure R~123 Principal components analysis of 38 species grouped by 
location and environmental condition of the sites where 
they are most frequently encountered. Axes based upon 
both floristic and environmental data. 
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Transition species, Sphagnum fusciuv. Polytrichum juniperinum, 
Chamaedaphne calyoulatay Vacoinium oxycoccoe, Kalmia potifotia^ and 
Carex ohordorrhiza \Me re common] y found on hummocks, especially 
hummock tops, in the dry eastern transition. Soil and water pH, 
conductance and calcium concentration readingswere to intermediate 
in these sites. Sphagnum magellanicim and Andromeda glauoophylla 
were transition species whichoecupi^dwetter sites and had 3 wider 
distribution throughout the study area, occurring in all transition 
zones. Sphagnum magellanicim of ten forjneu large loose hummocks well out 
into the fen, as well as, in the wet hollows of the transition zones. 
Andromeda glauoophylla occupied the wettest habitats of all the 
Ericaceous shrubs present in the study area. Wetter siteshad 
higher pH's (5-53 mesotrophic and 6'-6.9 eutrophic) greater conduc- 
d i d 
tance and more calcium than eastern muskeg or hummock tops. 
Equisetum fluviatile Menijanthes trifolia Carex exilis and 
Utricularia I’aa'iata were spec i es characteristic of fen sites, although, 
occurred 
Equisetum fluviatile well into the hollows of the transition 
zones and muskeg. Phragmites communis in patches in the wettest 
parts of the fen. Fen sites were characterized by eutrophic pH's, 
high conductance values (200 plus) and plentiful calcium ions 
(20 ppm pi us). 
Within the eastern portion of the fenwere hummocks of Sphagnim 
mage Ilanicum whicn sectivorous Sarraoejnia purpurea, 
and tussocks of Carex livida. To the west of the fen's centre were 
tussocks of 56‘frpws caesp'i tosus and Scirpus hudsonianum. In the 
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hollows between these tussocks Campy'lium stellatum'^s^s very common. 
All these siteswere eutrophic, with high conductivities and calcium 
concentrations. 
Species located in the upper and left central portion of the 
occurred were were 
ordination in drier sites that -eutrophic. These the 
northern and western transition zones. 
. . was 
Lar'LX laT'Lozna very common in the northern transition zone, 
occurred 
it as very small trees in a matrix of large Sphag-nurn magellaniawn 
hummocks. Aulacomnium palustre often q.pew on these hummocks. The 
were 
Sphagnum species S> captiU foliwn and S, reourvim frequently 
found in wetter sites throughout all the transition sites in the 
study area. 
Mijriaa gate y Calamagrosfls canadensis y Tomenthypnwn nitens and 
Sphagnum wutfianum had a limited distribution that >^^5restricted to 
a narrow belt of transition on the west side of the fen. This belt 
was very wet, lacked large dry topped Sphagnum fuscum hummocks, and 
was dominated by the shrub Myrica gale.JU\s transition hnd a high pH (eutrophic) 
conductivity and calcium concentration. 
Deeper into the west side transition zone, almost within the 
muskeg, small hummocks of Dicranurn potysetuin and patches of Tomenthypnum 
were present 
nitens var fatcifotium within a tangle of Ledum gToentandicum y 
Chamaedaphne catyculata and Kalmia potifolia. Vacoinium vitis-idaea 
was often present on the hummock tops. This sitevva5 less eutrophic, 
often mesotrophic, conductivity was less (100-200 mhos) and calcium 
concent rat i on was lower (10-20 ppm). West side muskeg Ledidm 
groenlandicum more frequently than on the east side, pH values vvere 
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higher and itwas often invaded by species such as Calamagrostis 
oanadens'is and Myr^-loa gate. Bryophytes present v««^re often species not 
common to east side muskeg,and included a diverse and interesting 
variety of Sphaanum species. 
The ordination of species based upon environmental and floristic 
data resulted in an arrangement of species whichvvas predominantly 
determined by their location within the study area. These locations 
wereoften defined by levels of soil and water pH, conductivity and 
tended 
calcium concentration. East side sites towards ol i gotrophy ,vvere 
drier, and had fewer dissol\/ed minerals than wet, mesotrophic and 
eutrophic west side sites. 
demonstrated 
P.C.A. ordinations of quadrats that it VA/as possible to 
separate eastern sites from western sites on the basis of environmental 
factors alone (Figure R-121). Ordinations based on floristic data 
only did not separate eastern sites from other sites, but; instead 
demonstrate a continuum of sites whose lower extremes were 
eastern and upper extremeswere western. 
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Discussion 
introductIon 
The results of observations and analyses of vegetation, soils, 
groundwater and climate in William Bog indicate that within the 
study area there exists a complex of vegetation types that are 
closely related to one another floristically, and apparently associated 
with varying soil and groundwater conditions. Discussion of these 
results is directed toward elucidating the nature of vegetation 
structure, community development in relation to soils, groundwater 
and microclimate, and community dynamics, successions and cycles 
present in the muskeg-fen complex in which the study was undertaken. 
This discussion will begin with comments on the appropriateness and 
usefulness of the methodology, primarily those methods used in 
analysis of vegetation, soils and groundwater data. 
Comments on methodology 
Methods of sampling vegetation, soils, water and climates in 
William Bog are standard techniques employed in the sciences of 
plant ecology and climatology. Sampling methods proved satisfactory 
in most cases and will only be commented upon in this section when 
discussion of sampling methodology is necessary or appropriate. 
Method of Analysis of ecological data is a subject which can be 
controversial and has been discussed at great length in the literature 
(see Greig-Smith, 196A; Kershaw, 1973 etc.). Analyses undertaken in 
this study will be justified and commented upon in this section before 
the results of these analyses are discussed. 
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Initially, the vegetation of the study area was classified 
subjectively using ground surveys and aerial photography. This 
approach to analysis of vegetation structure in wetlands has been 
used successfully by Ritchie (1962), Radforth (1958), and Jeglum 
and Boissonneau (1977). This type of classification successfu11y 
facilitated reconna iise nee mapping of the study area, which was 
necessary before decisions about sampling techniques could be 
finalized. 
Once quantitative floristic data are collected, objective 
analysis of vegetation structure can be approached in two ways, 
depending upon the heterogeneity of the data. Either data can be 
objectively classified initially, or ordinated initially. 
Greig-Smith (196^) concludes that data should be ordinated 
initially, regardless of its heterogeneity. Thus, relationships 
between samples can be assessed and classification can proceed, 
if necessary. However, Lambert and Dale (196^) recommend classi- 
fication initially (Williams and Lambert, 1959, Normal Association 
Analysis, specifically) because heterogeneity is inherent to all 
vegetation and c1 assification of samples Is necessary to elucidate 
the structure of the data. Greig-Smith, Austin and Whitmore (1967) 
suggest classification initially for data with a lot of variation 
between samples and ordination initially for data with low levels 
of variation. Goodall (1963) and Whittaker (1967, 1973) recommend 
ordination initially when vegetation gradients are to be examined. 
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Analysis of floristic data from quadrats 1-100 was approached 
in such a manner that gradients could be identified and related to 
classifications, individual species behaviour, and to measurements 
of water and soil characteristics. Vegetational heterogeneity in 
was 
the study area low, data was ordinated initially and then objec- 
tively classified. 
Ordinations have been used to locate quadrats between axes 
derived from Coefficients of Similarity (C.S.) by Bray and Curtis 
(1957)- Mathematically sophisticated methods of ordination, based 
upon elaborate multivariate techniques, have been developed recently. 
Principal components analysis (Pearce, 1969) has been described as 
'the most successful ordination technique currently employed' by 
Gittins (1969)* However, Beals (1973) believes that P.C.A. makes 
many unreal assumptions about ecological data and concludes that 
Bray and Curtis ordination is not Just a 'crude approximation to a 
genuine mathematical system' (Lambert and Dale, 1964), but a model 
preferable to P.C.A. because it defined changes in vegetation from 
point to point, rather than within a multidimensional hyperspace. 
(See Methods-!II Analysis of vegetation data.) Beals considers the 
multidimensional hyperspace ecologically unreal, but point to point 
analysis a more realistic model of vegetation behaviour. 
Comparisons of Bray and Curtis ordination models with P.C.A. 
models (Orloci, 1966; Austin and Orloci, 1966; Gauch ^ al., 1977) 
indicate that, although P.C.A. is more elaborate, the resultant 
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ecological information obtained from the ordinations is similar, 
and often more clearly defined, in Bray and Curtis ordinations. 
Consequently, vegetation data was ordinated initially using 
the methods of Bray and Curtis. Quadrats were then classified 
by Norma! association analysis (Williams and Lambert, 1959). This 
process yielded good results and produced an ecologically realistic 
model of the vegetation re 1 ationships present within the study area 
(see Figure R~30) which demonstrated the presence of a vegetation 
gradient in which loosely formed species groups could be identified. 
The elimination of certain quadrats from the Normal Association 
A^nalysis (see Table R-49) j ust i f ied because these quadrats 
classified at low chi-square levels on the basis of species recorded 
in only 10^ of the quadrats (minimum acceptable frequency for species 
in this analysis). The grouping of quadrats whichresu1 ted from this 
was 
c1 assification not reflected in their locations on the Bray and 
Curtis ordination. Ward (1970) subjectively reclassified such 
quadrats, while Goodall (19^9) removed them from his analysis. 
Quadrats removed from Normal analysis in this study are circled on 
Figure D-1. 
wa s 
A P.C.A. ordination of data from transects B-F similar to 
the Bray and Curtis ordination in the manner that it locates quadrats 
between component axes (see Figure R~53)• However, when the classifi 
• 1 - f- 1 • . , . wa s , . 1 
cation scheme resulting from normal association analysis applied 
to the P.C.A. ordination, many quadrats appear to have been misclassi 
r- , . . , . 1 fied, and the ecological gradient of species groups not so evident 
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was 
Consequently, the Bray and Curtis ordination concluded to be a 
better model of the study area when P.C.A. ordination axes were 
constructed with floristic data only. P.C.A. ordination did , however, 
were 
produce ecologically realistic ordinations when axes constructed 
with environmental measurements of soil and water characteristics 
(see Figure R-121) (see Discussion 111 Vegetation-Environment relation- 
ships). P.C.A. ordination axes had no end points, ordinations within 
were were 
the hyperspace often distorted when quadrats located between 
only two axes (Whittaker, 1973)* When Bray and Curtis ordinations 
were compared to P.C.A. ordinations using simulated vegetation gradients, 
P.C.A. consistently produced curvilinear distortions of gradients 
were 
which linear on Bray and Curtis ordinations. (See Austin and 
Noy-Meir, 1972.) Curvilinear distortion in P.C.A. ordinations of 
were 
William Bog datawas evident when they compared to Bray and 
Curtis ordinations. Ih P.C.A. ordination of data, 
using axes composed of floristic data alone,the relationship between 
Normal groups been twisted along a curving path. In Bray and 
was 
Curtis ordination the relationship linear. 
Because the Bray and Curtis ordination represented 9 rad Ients 
within the study area linearly, i t was ^ • ^ed as the arrangement 
of quadrats upon which details of floristic cover and environmental 
parameters were plotted. 
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were 
Analyses of floristlc and environmental data successful at 
objectively organizing data into groups and gradients which sub- 
d 
stantiate subjective observations of vegetation structure within the 
study area. The nature of existing plant communities and their 
interrelationships with each other and the environment will be discussed 
in the following section of this paper. 
ii The Nature of Vegetation in William Bog 
a) The total flora 
This study has yielded a collection of vasculars, mosses, and 
W0 s 
hepatics which , while not a complete flora of the whole William 
Bog, a thorough collection of the area in which transects and climatic 
measurements were undertaken. The vascular flora (71 species) v^as 
slightly richer than the bryophyte flora (37 species), and of these, 
were 
the Cyperaceae, particularly Carex spp. dominant, although the 
were 
Ericaceae and Salicaceae well represented. Vascular species 
listed in Table R-1 correspond very well to Baldwin’s (1958) list 
of wetland species common in the clay belt of northern Ontario and 
Sjors (1983) list of wetland species present near the Attawapiskat 
River near Hudson's Bay. 
Four species of insectivorous plants were collected, Drosera 
rotundt-folia ^ D, angelica^ Sarraoenia purpurea and Utrioularia 
radiata. Thiswas an average number of such species for wetlands in 
this area. Bannister (1976) note-t that insectivorous plants usually 
were 
exist in boggy habitats which lacking available nitrogen. His 
list of insectivorous plants common to temperate wetlands corresponds 
well to insectivorous collections from William Bog. Myrica gale 
present in the study area. It has root nodules capable of fixing 
was 
nitrogen (Bannister, 1976). The moss Splaahnum ampullaoeum also 
present, it grew specifically on moose pellets which are a rich 
source of nitrogen. Thus, in William Bog, the nature of the peat, 
anaerobic conditions, and pH combine to produce a nitrogen poor 
environment in which several species exist that can utilize alternate 
nitrogen sources. 
b) V egetation Zones Present 
A total of twelve different vegetation zones were recognized 
in the study area (see FigureR-4). These zoneswere distinct, but 
tend to overlap (indicated by dotted lines) and borders between 
W0 r 0 
zones located arbitrarily on the map. A floristic description 
of each zone can be found in Results - l-b. 
Sampling of vegetation and environmental data along transects 
within the study area included eleven of the twelve zones (except 
zone 2), but results were generalized into nine major physiognomic 
groups for analyses of soils and groundwater data. It was found that 
this generalization did not hinder the proposed interpretation of 
the nature of vegetation communities present within the muskeg-fen 
complex examined. 
LEAF ^45 OMITTED IN PAGE NUMBERING. 
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Analyses of point quadrat data and ordinations indicate that 
frequently occurring species are usually continuously distributed 
throughout the study area when considered on a presence-absence 
basis only. When cover of these species was noted it was usually 
maximum in the vegetation community that they had been proposed 
to characterize. 
Pioea mariana (\a&: high cover in three vegetation zones (l, 11 
and 12) producing a continuous overstorey which surrounds the study 
area on the east, north, and west sides. This species alone was 
used to subjectively classify muskeg sites in initial surveys when 
over 2 metres in height and with cover greater than a Braun-Blanquet 
value of 3. Figures R-6 and R-47 illustrate that Pioea mariana 
tends to be continuously distributed in the drier sites which are 
furthest from the fen. However, when the composition of the under- 
storey in these sites was taken into consideration it suggests that 
muskeg sites could be subdivided into three zones, east, north and 
west of the fen each of which was the beginning of a vegetation 
gradient which runs from muskeg to fen centre. 
The eastern most zone (zone 1, Pioea mariana muskeg forest) 
appeared to be similar to bog forest vegetation already documented 
in the literature. (“Moss-muskeg ", Rilchie, 1960a, 1960^; He inselman, 
1970 - “black spruce-feather moss forest" and “Sphagnum-black spruce- 
leather leaf bog forest", see also Jeglum (1972) “muske^'and Jeglum 
et aj., (1974) “Shrub-rich treed bog"). This bog type vegetation graded 
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into a shrubby zone (zone 3) which tends to be characterized by well 
developed Sphagnum fusaum hummocks and a thick layer of ,e ricaceous 
shrubs dominated by Chamaedaphne catyaulata. Picea mari-ana extends 
into this zone, but coverwas low and distributionwas restricted to 
of which has 
hummock tops^ the rapid growth^ resulted in layered (McEwen, 
1966) growth habits in P. mariana. P. mari.ana's distribution in 
in part 
this zone may/'also be limited by an alleopathic, water soluble 
substance present in the roots of Kalmia polifolia. Peterson (1965) 
reported such a substance in the roots of Kalmia angustifotda. This 
shrubby open zone may be maintained through the successful competition 
of Sphagnum fusaum and Kalmia polifolia with Picea mariana. Although 
was 
labelled transitional, this likely a permanent zone similar to 
Segadas“Vianna's (1955) "Chamaedaphne community", Moss's (I953) "open 
bog", Jeglum et a 1.'s (1974) "low shrub bog" and Gauthier and 
Grandtner's (1975) "Sphagno-Chamaedaphnetum". 
Vegetation along this eastern gradientexhib i ted an increase in 
cover of fen species as it developed into a wet zone (zone 4) where 
Sphagnum magellanicum replaces S, fusaum as the dominant hummock 
builder. This zone appeared to be transitional between fen type 
vegetation (Sjors, 1953) and low shrub bog. Species compositior. was 
mixed, fen-like in the hollows and bog-like on the summits of the 
was 
Sphagnum magellaniaiAm hummocks. The Carex spp. flora not well 
developed which could suggest either pa 1udificat ion of a drier low 
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shrub bog (see Moore and Belamy, 197^, P* 62) or invasion of fen 
vegetation by Sphagnum magellanicum whose rapid growth overtook 
Carex spp. and resulted in a drier habitat unsuitable for their 
colonization. Equisetum fluV'tati'Le via s common in this and all the 
fen sites (zones 5, 6, 7 and 8). When plotted on the Bray and 
Curtis ordination (Figure R~h2) cover of this species Indicates 
that it had a broad eco 1 oq i cal amplltude^nd doesn't achieve cover 
values greater than one in any but the very wettest sites. 
Zone 5 was on the eastern edge of the fen. This was the hummocky 
region of the fen in which many Carex species thrive singly or in 
tussocky complexes interconnected by very wet hollows. In this 
were 
zone insectivorous species most commonly encountered, especially 
on the wet Sphagnum magellanicum hummocks (Sarracenia purpurea) and 
in the open waters of the hollows {Utriaularia radiata) (see Figure 
R“40). This region of the fenwas not quaking and appears to be In 
dynamic equilibrium with the wet transitions to the east (zone h) 
and north (zone lO). If Sphagnum magellanicum hummock development 
proceeded rapidly in this graminoid fen (Jeglum_^^., 197^) it 
would eventually fit the characteristics of a graminoid bog (Jeglum 
et 197^)- Note that Carex limosa, (Figure R-^3) a species which 
characterizes the graminoid bog, was broadly distributed in the study 
area. Its numerous optimum habitats on the ordination likely cor- 
corresponed tosamples taken in hollows present in many of the subjectively 
determined vegetation zones. This indicated that the nature of 
vegetation in zones ^ and 5wasa transition between true bog and fen 
types, but fen characteristics dominate zone 5- 
249. 
Zone 6 was the wettest part of the fen, a quaking Carex spp. 
mat. Cover of Equ-isetwn fluV'iat-ilevias greatest in this site. This 
zonewas similar to Heikurainen's (i960) "Scorpidiurn Letto", 
of 
Sjors (1963) "rich fen" andAJeglum et s (1974) "graminoid fen". 
It can be considered a true fen. The brown mosses were well represented, 
these species demand a high level of nutrients in order to thrive 
(Heikurainen, I96O). Within zone 6 therewere patches of Fhragmites 
oonvnuni-s (zone 7) which characterize deep or shallow marshes (Jeglum 
et aJ., 1974). However, peat was deeper than 30 cm in depth in these 
sites Indicating that these patches of Fhragm-ites communis could be 
relics of an earlier, wetter community. Gorham (1957) noted that 
Fhragmites is deep rooted and can survive in a site centuries after 
surface conditions have become inappropriate. Zone Sconsistea of 
patches of Eriophonm spissum which likely result from rhizomatous 
growth habit and development over many years. This species appeared 
to actively outcompete Carex spp, in these sites, which are really 
vegetation patches rather than true communities. Zones 6, 7, and 8 
werelikely all graminoid fen sites and will be considered as such 
for the duration of the discussion section. 
A gradient from treed bog to graminoid fen existed through the 
study area from the east to fen centre. Along this gradient species 
composition varies continuously and species with high frequencies were 
found in a variety of sites. Cover of such species was greatest in 
the vegetation zone where environmental conditions were optima1 for 
development of that species. East of the fen, vegetation structure 
indicates that sites could be considered "poor“ (Heinselman, 1970) 
or ombrotrophic (Sjors, 1963)- Examination of environmental data 
confirmed this theory. Gradients of soil pH (Graphs R-104 and R-105) 
d 
illustrate a gradient from oligotrophy to mesotrophy running from 
east to fen centre. Conductivity and calcium concentration increased 
along this gradient (Tables R-97 and R-98) indicating increased 
mineral concentration in the fen. These results agree with the 
findings of many authors (Gorham and Pearsall, 1956; Sjors, 1961, 
1963; Heinselman, 1963, 1970; Jeglum 1973 ; Vitt and Slack, 1975; 
Wildi, 1978 etc.) all of whom acknowledge the relationship between 
soil and groundwater conditions and wetland vegetation type. 
However, it was not possible to document an environmental 
gradient from ombrotrophic to minerotrophic sites using water and 
soils data from transects north and west of the fen (see Graphs 
R-104 and R-IO5)- Physiognomica11y these sites were similar to 
those on the east side, but environmentally and f1 oristica11y the 
resemblance between muskeg sites seems to end with the presence of 
F-ioea mar'tana. 
Zone 11 was a wet mixed Picea mariana-Larix laricina stand north 
of the fen whose understorey consisted largely of broad-leafed Cccrex 
species. Thiswasa rich site wh i ch was f 1 or i st i ca 1 1 y very similar to 
Ritchie's eutrophic "larch fens" (Ritchie, 1960a, 1960b) , Sjors (1963) 
Vitt^_^., 1975; Tilton, 1977; 
Schwintzer 
A , 1978; Johnson, 1977^, 1977b; 
"forested rich fen" Heinselmans (l970) "rich swamp" ano Jeglum et 
(197^) "Lar'lx Z^ap/oina-grami noi d rich treed fen". Environmental! 
this site fits definitions of eutrophic (water pH (June) 6.65) and 
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minerotrophic (calcium - 1^.96 ppm, conductance (June) 150.12 umhos) 
according to Sjors (1963) and Jeg 1 urn et al., (197^)- The significance 
of environmental measures in all sites will be fully discussed in the 
next section of the Discussion. 
Zone 11 graded into an open type of vegetation towards the fen 
(zone 10) whi ch was s imi 1 ar to Jeglum_et (197^) '^Lcunx lax^c'ina-- 
Sphagnum rich-treed fen". This appeared to be a westward extension 
of the zone of large Sphagnum magellaniaum hummocks included in zones 
h and 5 within which an open stand of Lar%x taniaina was developed. 
This could be an example of a fen site whichwas gradually being 
invaded by Sphagnim spp, hummock development. However, this^^^ a 
relatively rich site (eutrophic pH), richer than the graminoid fen 
(zone 5) immediately to the south. The peat surface of both zones 
10 and 11 was laced with many drainage channels and deep holes, 
similar to those described by Jeglum^ ^.(197^) in sites classified 
as swamps. These channels indicate^subsurface flow of water through 
zones 10 and 11. Vegetation in relation to drainage will be examined 
in the community development portion of the discussion. 
Zones 11 and 12 mix in the extreme northwest region of the study 
area. Gradually, the graminoid rich treed fen dominated by broad 
leaved Carex spp. Gave ^ mixture of Pioea mariana^ Larix 
laria'inay and Thuja oeoidentalis forest whose understorey was dominated 
by Ca'Lamagrosti.s aanadensds. C. oanadeneis had a high nutrient demand 
(Dansereau, 1959), indicating that thiswas likely a rich site. Measures 
of pH, calcium concentration and conductance confirm this theory. 
Thiswas the wettest of the forested sites in the study area, but 
itwa*: not as rich as the northern treed fen site. This region 
matches Jeglum^jQ. (197^) "graminoid rich treed fen“ description, 
but treeswerenot so widely spaced. Both zones 11 and 12 also fit 
Jeglum ^ ^1. (197^) general description of a "conifer swamp". 
Likely both these forested sites could be considered a single 
coniferous swamp surrounding the fen to the north and west. 
the 
Zone 9 lies in midregions of a vegetation gradient running 
from the west to fen centre. It was a very narrow shrubby band 
dominated by Myr*'loa gale and at least nine species of Sal'tx, Sphagna 
virtually absent and tussocky Soirpus spp. and Carex spp, 
were common. 
The peat surface was criss-crossed by drainage 
channels and animal trails andwas frequently quaking. Itwas a rich 
site, richer than the conifer swamp to its west. This wet zone can 
be classified as a "shrub carr" (White, 1965) or a "thicket swamp" 
(Jeglum ^ 197^) In its westernmost regions and a "low shrub fen" 
(Jeglum et aj., 197^) as shrubs become smaller and less vigorous 
towards the fen to the east. Zone 9 terminatej in the Phragmites 
and Eriophorvm patches within the graminoid fen. This region of the 
fenwas the richest of all sites sampled in the study area. Itwas 
always quaking and peatswere decomposed to the point where they will 
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Summary of floristic relationships, vegetation gradients 
vegetation communities^ and site types present In 
sites west, north, and east of a central 
graminoid fen. William Bog, Thunder Bay, Ontario. 
Figure D-2 
not support the weight of an adult female. This terminateki^ a 
vegetation gradient from swamp to fen. pH conditions do not follow 
a smooth gradient as they do on the eastern side of the fen. Rather, 
they remain eutrophic along the entire gradient. This demonstrates 
that conditions along the western gradient (and the northern gradient) 
werenot the same as conditions along the gradient from ombrotrophic 
to minerotrophic sites east of the fen. In northern and western sites 
minerotrophy predominates. (Figure D-2 outlines vegetation communities 
and gradients present in the study area.) Reasons for this, and 
proposed development of vegetation in relation to environmental 
factors and vegetation's effect upon the environment will be examined 
in the following section. 
c) Community development 
The vegetation structure within the study areawasthe result 
of many interactions between topography, drainage of ground and 
surface waters, local climates and microclimates as proposed in 
Figure D-3. 
In the beginning community development was control 1ed by local 
topography. William Bog developed in a shallow basin once occupied 
by glacial Lake Minong. This provided an appropriate environment for 
invasion of wetland species and stratigraphy indicated that peat 
deposition had been continuous since the basin was exposed from 
beneath the waters of Lake Minong 9000 years ago (Farrand, I960). 
The climate of the area provided sufficient rainfall for wetland 
development (Zoltai et a_l., 197^) and falls into a region of humid 
bor<^al bogs, fens, and swamps. As the peat body developjdit modified 
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Figure D-3 Environmental factors and how they relate to 
vegetation structure in William Bog, Thunder Bay, 
Ontario. 
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the local climate, as well as being affected by local climatic 
variations which might be due to topography. William Bogwas subject 
to greater temperature extremes than nearby Thunder Bay Airport 
(3 km SW ). Thiswas likely the result of cold air drainage into 
the confining basin, a fact recognized by Geiger (1965), in combina- 
tion with the radiating and conducting capacity of the peat body. 
Peat provides a large evaporating surface, this evaporation results 
in rapid surface cooling, consequently poor conduction of heat from 
the surface to the peat body below (Transeau, 1905; Cox, 1910; Rigg, 
19^7; Longley and Louis Byrie, 196?). Williams (1968) noted similar 
variation between air temperatures in Mer Bleue bog in Quebec and 
sandy ridges nearby. Thus, the peatland produces and continues to 
develop on a cool peat body. During the growing season the tempera- 
ture of the peat can vary from 20.3°C on the surface to -A.0°C 50 cm 
below the surface (June 23, 1978, zone 3) and pockets of frozen peat 
were detected in zone 1 at 30 cm and 50 cm below surface on July 17, 
1978, Throughout the growing season peat temperatures remained cool, 
only surface temperatures and -3 cm temperatures warmed up. This 
was most evident in zone 3 where vegetational cover was low enough to 
allow some penetration of radiation through the peat surface. In 
wetter sites (zone 6, zone 9 and zone 12) groundwater tends to thaw 
peat earlier and reduce variation in temperature with depth, confirming 
Heikurainen's (195^ observation that peat temperature is inversely 
related to the depth to water table. As winter approaches peat 
257. 
temperatures tend toward uniformity with air temperatures in all 
sites. Therewas no evidence for permafrost in William Bog. The 
Thunder Bay region is well below the southern limit of the dis- 
continuous permafrost zone (Brown, 196?) and no permafrost surface 
features such as peat plateaus or paisas were observed. Localized 
frost pockets, however, can persist well into the summer, especially 
in drier sites with heavy vegetation cover. Therefore, the peat 
body whose poor heat holding, and excellent radiating capacities 
will produce an environment with microclimatic extremes which 
ultimately can affect the nature of the surface vegetation. Species 
that exist in peatland habitats must be able to tolerate extremes 
in temperature during the growing season that range from several 
degrees of frost to over 30°C. This partly accounts for the 
xeromor phic nature of common vegetation, specifically the ericaceous 
shrubs in ombrotrophic transition zones (zone 2 and 3), where the 
highest peat surface temperatures of all sites were noted. Ground 
level temperature maxima and minima in this site (zone 3) were always 
lower and higher than ambient air temperatures in the same site 
throughout the growing season. This reflects both the conducting 
and radiating nature of the peat body. As ambient air temperatures 
droppedlater in the season the peat surface, warmed only to a depth 
of 3 cm, radiates and rema i Brad warmer than the air for a short time 
before snowfall. Vegetation cover in zone 1 blocks incoming solar 
radiation and results in less extreme surface temperature maxima. 
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However, surface temperature minimawere always cooler than ambient 
air temperature minima in the shrub rich treed bog during the growing 
season. As winter approached surface temperatureswer^i warmed by 
radiation of heat from the peat body. The radiating qualities of 
the peat body kept the surface of the fen warmer than the ambient 
air temperature from July to October. This site (zone 6) cl ug not 
exhibit the greatest temperature extremes at ground level, as seen 
in drier sites, because its surfacewas always flooded. Water has 
high specific heat and a greater heat carrying capacity than peat, 
whose specific heat is very low. 
- Within the developing peat body vegetation structure wats largely 
controlled by the nature of its water supply. Where mineral rich 
groundwaters flow vegetation wj^. fen-like in composition. Both Gorham 
(1957) and Sparling noted that water pH increased with the 
flow rate of groundwater. Flow rates were not measured in this study, 
but when pHwasplotted on an outline map of vegetation communities 
(Figure D-4) the flow of groundwaters appeared to be from the north, 
through a coniferous swamp, into the fen. Communities along the 
path of groundwater flow vary from coniferous swamp forest to graminoid 
fen and share similar peat and groundwater chemical conditions that 
classify tf'iem as minerotrophic plant communities. Sjors (1950) 
preferred to keep his classification of wetland communities at a 
relatively general level because vegetation zonation is gradual and 
a variety of types and combinations can occur over a very small area. 
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Figure D-^ Ground and surface water flow 
and site conditions in the 
centra) study area of William Bog. 
values In brackets 
^  are (a; b; c) 
10 20 June water pH 
b«= calcium (ppm) 
metres conductivity 
(micromhos)June 
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Thus, in the study area minerotrophyvv/as concentrated in the conifer 
swamps, treed fens, and graminoid fens that have developed in the 
path of groundwater flow, while oinbrotrophic communities have developed 
adjacent to the groundwater drainages forming treed and low shrub 
bogs on poorer sites with lower pH and fewer minerals In the water. 
The treed bogwas slightly domed and within it surface water flow 
appearedto be towards the fen to the west. This flow wssevidently 
not that of mineral rich groundwater, but rather poorer ombrotrophic 
surface run off whose origin was likely rainwater. (Du Reitz, 19^9; 
Gorham, 1957; Sjors, 1963; Heinselman, 1963 etc.). pH and nutrient 
content of water samples taken east of the fen confirmed .this theory 
and werewithin the limits of ombrotrophy dictated by other studies 
of wetlands. 
Rainfall tends to dilute the minerotrophy of sites along which 
water f1ow was concentrated. Samples of water taken along transects 
beginning north of the fen, along the conifer swamp, graminoid rich 
Sphagnum rich treed fen to graminoid fen gradient were less minero- 
trophic immediately after a heavy rainfall in June than they were 
after a period of drought in November. After heavy rainfall water 
tables tend to rise in all sites. Changes in 1 eve 1 were mos t dramatic 
in the fen Indicating that this way the site of greatest run off flow. 
The rapid drop in water level shortly after the rainfall indicated 
that the central fen site might be similar to lagg sites described 
by Paivanen (1968 ' and Dai et ^1.(197^). They determined that lagg 
sites carry most of the run off water after a rain. Water table 
fluctuation was also observed in the eastern region of the study area. 
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In ombrotrophic sites (zones 1 and 3) f1uctuationswere related to 
rainfall, but not significantly so. Bay (1966) concluded that 
degree of water table f1uctuation is dependent upon precipitation, 
interception, and evapotranspirat ion. Effects of precipitation 
on fluctuations in water table level could be masked by high 
interception of rainfall by vegetation in the heavily treed zone 1 
(treed bog) site and high levels of evapotranspirat ion in the hot, 
dry, less vegetated zone 3 (low shrub bog) site. Water table 
fluctuations in zones 1 and 3 could be further reduced by the state 
of humification of the underlying peat. The hydrau1icconductivity 
of peat varies inversely with the degree of humification (Rycroft 
et a 1., 1975)- Thus, the greater decomposition of peat in minerotrophic 
sites means that they can carry less water, consequently surface 
layers vvere^W water logged, while in ombrotrophic sites the 
peat, which wa'^less decomposed, can carry more water at depth, 
keeping surfaces dry, reducing the amplitude of water level fluctua- 
tions after rainfall, and inhibiting development of vegetation with 
high nutrient requirements. 
Water samples taken after some period of drought indicated that 
surface water run off from domed ombrotrophic sites dilutes the 
mineral concentration of waters in the fen, along its eastern boundary 
and that surface run off from minerotrophic sites west of the fen 
(zone 12 and 9) produce! an area of strongly minerotrophic waters 
(zones 6, 7 end 8) on the western boundary of the fen. See Figure 
0-4. There appear^dto be a concentration of nutrients in zone 10 
as well and interestingly, there >A/as3lso a repetition of zones 7 
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and 8 nearby. Unfortunately, these were not sampled, but would 
likely prove to be as rich as the central graminoid fen which 
terminates the gradient from conifer swamp, through thicket swamp 
from the west. 
Within the study area there weretwo major types of sites, 
minerotrophic and ombrotrophic. Thiswas demonstrated by the P.C.A. 
ordination of quadrats between axes composed of environmental data 
only. (See Figure R-121 and Table R-122.) Ordinations based upon 
floristics alone (Figures R"30 and R-52) do not indicate this, rather 
they indicatedthat there exists a continuum of sites following gradients 
of increasing soil pH, conductivity, calcium concentrat ion and decreasing 
C:N ratios (see Figures R-117, R“ll8, R-119, R-120). Thus, conditions 
in the eastern portion of study area can be described as a continuum 
of vegetation communities which follow environmental gradients from 
poor to rich, from ombrotrophic to minerotrophic. Conditions in the 
northern and western portions of the study area indicateJthat there 
was^ vegetation gradient from coniferous swamp to graminoid fen along 
which conditions are continuously minerotrophic. In minerotrophic 
sites surface water run off combines with groundwater flow to produce 
local very rich pockets of vegetation occupied by relic stands of 
Phragmitea oommunis. 
d) Succession and Dynamics 
The development of vegetation structure within the study area 
has been clearly demonstrated to be related to the flow of groundwater 
within the peat bed. In this section it will be hypothesized that 
the initial development of the peat bed and the vegetation communities 
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depositing the peat are also intimately related to groundwater flow 
and modified by climatic variations and disturbance over the 9000 
year period during which William Bog developed its present floristic 
nature. Relationships are summarized in Figure D-^. 
As the waters of Lake Minong receded, the shallow, sandy basin 
where William Bog developed was exposed, probably as a marshy area 
with poor drainage within which there were several channels where 
groundwater flow was directed. These channels ultimately drained 
south-west, into the Neebing River. Along the edges of these channels 
and slow moving drainagg^ays algae and floating macrophytes invaded, 
emergent 
followed rapidly by rooted'^macrophytes such as Pkragnvites cormrunis. 
These early colonizers slowed the flow of waters at the channel edges 
and fa cilitated the invasion of many Carex species producing a marsh 
type vegetation associated with the pools and slow moving waters 
within the abandoned lake basin. About the time this basin was 
exposed, and marshy development getting underway, the region's 
climate was becoming warmer and drier as the margins of the continental 
ice sheet receded northward (Saarnisto, 197^; Ritchie and Yarranton, 
1978). Consequently, the basin began to dry up slightly and ground- 
water flow was reduced. At this time (approx. 8OOO y.b.p.) the 
Carex marshes had established themselves along channels and in low 
lying sites producing a layer of sedgy peat which held the moisture 
and further slowed the movement of groundwater. Thus, the water 
table was carried with the expanding vegetatioh mat within which and 
at whose drier edges Sphagnum species were becoming established. 
2Sk. 
9000 years before present 
* lateral expansion of peatlands through paludification of 
nearby sandy lowlands 
development of raised swamps and bogs 
Figure D~5 Succession and dynamic relationships of vegetation communities 
in William Bog, Thunder Bay, Ontario. 
Communities underlined are present in the modern 
flora of William Bog. 
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Sphagna grow rapidly, and within small hummocks the water table was 
further dragged up through the capillary rise of water within the 
moss. All these processes resulted in the lateral expansion of the 
swamps and fens through pa 1udification, producing a landscape which 
could survive the warming climate and yet maintain its wetland 
nature. Janssen (1968) noted a similar lateral expansion of Typha 
swamps through pa 1udificat ion during the same time period (8OOO- 
7000 y.b.p.) from evidence obtained through pollen stratigraphy of 
the Myrtle Lake peatland in northern Minnesota. Heinselman (1963, 
1970) also proposed development based upon lateral expansion of the 
Lake Agassiz peat lands through pa 1udif1 cat ion. 
Where groundwater flow was concentrated graminoid fens established 
and maintained themselves in floating mats which insured, regardless 
of water level, adequate supply of nutrient rich waters. At the 
edges of these floating mats, where there was no flow of water, 
developing Sphagna, particularly Sphagnum rnagettaniaum gradually 
overtook the landscape, dragging the water table with them. However, 
the waters associated with the Sphagna were becoming less rich and 
more acidic due to Sphagna's capacity to absorb cations (Gore 
and Allen, 1956)- As hummock development proceeded the environment 
associated with the hummock tops became poorer and drier resulting 
in a less favourable environment for the wetter Cai*ex species such 
as Carex exilis and Carex gymnocvates and a hospitable environment 
for species such as Carex lirnosa^ Cm^ex chordorrhiza and Eri-ophorum 
angust'Lfolium. Thus, at the dry edges of graminoid fens, where there 
266. 
was no flow of mineral rich groundwater, graminoid bogs developed, 
eventually producing raised Sphagnum bogs with ombrotrophic tenden- 
cies. At the same time the graminoid fens present in areas of 
weaker groundwater flow were slowly being invaded by Sphagnum 
magetlaniaim y but remained minerotrophic in character due to 
seasonal surface flooding and subsurface flow of mineral rich 
waters. 
St ratigraphic evidence from the study area upholds this theory 
of initial vegetation development. The central region of the study 
area consistedof a floating mat of graminoid peat based on sands, 
to the east peat deposition had been continuously Sphagna, and to 
the west the basal peat Sphagnum for the first metre of deposition, 
cq.u 1 d be 
Thus,it Iproposed that the fen developed within a groundwater 
drainage channel coming from the northeast. To the east and west of 
the channel development of ombrotrophic bogs proceeded as described. 
To the north, where there was a weakened flow of groundwater to the 
fen that was not confined in a channel Sphagnum spp. invasion 
proceeded, but ombrotrophy was not achieved- Thus, successional 
development proceeded along two possible routes depending upon the 
influence of groundv/ater (see Figure D~5) . 
Ombrotrophic Deve1opmenI 
Diminishing groundwater influence fa militated the development 
of ombrotrophic vegetation as seen east of the fen. Sphagnum spp. 
produced large hummocks beginning the build up associated with 
domed bogs. Sphagnum magellanioum formed the base upon which 
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Sphagnum rectLPVum built up and, finally, Sphagnum fusaum produced 
the classic bog hummocks present in zone 2, 3 and k of the study 
area. M. Moss (19^9) and E. Moss (1953) give detailed descriptions 
of bog succession in relation to Sphagnum hummock development which 
apply very well to William Bog. The open Sphagnum bog east of the 
fen was gradually invaded by shrubby species, particularly the 
Ericaceous shrubs which are common in zones 2, 3 and k today. Of 
these species Andromeda glaucophijlla was likely an early colonizer 
of weakly minerotrophic damp hummocks of Sphagnum magellanioum, 
Andromeda glaucophyVla has been recognized as an early colonizer of 
bogs by Dansereau and Segadas~Vianna (1952) and Janssen (1967) and 
occupied the richest sites of all the Ericaceous shrubs noted in the 
study area. Kalrrtia polifolia and Vaocdnium oxyaoooos invaded the 
drier hummock tops and Chamaedaphne oatyoulata the driest sites 
within the Sphagnum bog. Within this shrub zone hummock development 
proceeded. Millington (195^) noted that hummocks often developed on 
the leeward side of shrubs in open bogs, this was not evident in the 
study area. Bellamy and Rieley (1967) found that Sphagnum fusoim 
can rapidly shut off the influence of groundwater to surface vege- 
tation and that 8 cm of S. fusawTi peat over one square metre of rich 
fen, deposited over seven years, can transform that site to a poor 
bog. When conditions we rc correct ombrotrophy proceeded rapid1y, which 
\A/a? exactly the case east of the fen. Small scale climatic variations 
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keep the edges of the graminoid fen and shrub-rich Sphagnum bog in 
dynamic equilibrium, wet years tend to increase graminoid cover, dry 
years, shrub cover increases. Gradually, the shrubby hummocks w^re 
colonized by Piaea mariana in the very dry sites and LarPx tccoici-rva 
in richer sites. Therewas competition between the shrubs, the 
conifers, and the rapidly accumulating Sphagmmi mass. This resulted 
in a cover of low, layered Piaea mariana and shrubs whose increasing 
cover slowed the growth of Sphagna until finally, an overstorey 
became established. At the same time the s i te vvas ^<^comi ng poorer, 
more acidic, completely out of the influence of groundwater, and 
dependent upon rainfall for its moisture and nutrients. This is 
the point at which the east side of the study area is today. In 
areas of high cover of Piaea mariana shrub cover Is low and Dioranum 
polyeetum and Pleurozium schreberi dominate the understorey, in 
openings and areas of disturbance Ledum groenlandioum and Chamaedaphne 
aalyoulata are often present. Leduin groenlandioum is not present in 
the shrub rich portion of the bog. 
This type of ombrotrophic development has been recognized by 
many authors. (Rigg, 19^0; Moss, 1953; Segadas-Vianna, 1955; Sjors, 
1963; Jaansen, 1967; Gauthier and Grandtner, 1975; etc.). Many 
studies in wetland succession also notedthat there wasa parallel 
development of minerotrophic sites along groundwater drainages 
(Heinselman, 1970; Vitt et al., 1975) that often predominated such 
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that ombrotrophy hecame rare. Wild! (1978) modelled wetland 
development on varying slopes and found that this type of minero- 
trophy predominated downs lope while, ups lope ombrotrophy prevailed. 
In the study area minerotrophy predominated downslope, to the 
southwest. 
Minerot rophic Deve1opment 
Stratigraphy reveals that west of the fen deposition of Sphagnum 
spp. peat was interrupted after one metre of deposition and replaced 
with a mixed Carex-Sphagnum peat which remains until modern times. 
The ombrotrophic development of the fen was halted by an increase 
in minerotrophic development which was likely due to a shift towards 
a wetter climate approximately 3000 y.b.p. (Jaansen, I968). Since 
the slope of the basin wastowards the southwest ombrotrophic vege- 
tation to the east was not affected. However, to the west, the 
open Sphagnum bog was flooded and subsequent invasion of Caa*ex spp. ^ 
Calamagrostis canadensis and Larix iariaina produced a mixture of 
vegetation with high nutrient requirements in low spots and ombro- 
trophic vegetation on the hummock summits. All this development on 
a slightly domed Sphagnum spp. peat bed resulted in a Sphagnum 
rich treed fen whose canopy has gradually closed in forming a thick 
tangle of Pioea rnariana^ Larix laricina and Thuja ooeidentatis with 
a mixed understorey of both Carex spp. and Sphagna. Surface run off 
from this site^as rich in nutrients because of the close subsurface 
flow of groundwater. This run off, in combination with groundwater 
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flow down the graminoid fen meet in a rich thicket swamp, between 
the conifer swamp and the fen, in which deciduous shrubs of the 
genus Satix predominate with Myrioa gate. This small zone (zone 
9) was likely maintained by wildlife browsing the tips of Larix 
larioina and Thuja oooidentalis at the edge of the conifer swamp. 
Winter observations confirm that these species are most frequently 
fed upon by rabbits, deer and moose. Since these species rely 
heavily upon apical growth,brows Ing allowed the deciduous under- 
storey species to outcompete the conifers and form a shrub rich 
narrow band at the eastern e^e of the conifer swamp. Continued 
browsing of the Sat'ix spp. resulted in a low, thick growth of 
this species immediately west of a large animal trail which ran 
through the swamp thicket adjacent to the fen. Thus, this thicket 
zone was the result of disturbance by wildlife and, if that factor 
was removed, the coniferous swamp might progress into the fen and 
eventually cover it with swamp forest. Thiswas evident on the 
north side of the fen where the coniferous swamp forest was 
out into the fen. Hummocks of Sphagnim magettari'ioum topped by well 
developed individuals of Lartx loT'ic'ina protrude into what was 
evidently graminoid fen vegetation. Subsurface groundwater flow 
will prevent this zone from proceeding through to ombrotrophic 
Sphagnim bog vegetation. This zonev^;3‘s a Sphagnim rich treed fen 
which has likely only recently invaded the graminoid fen because, 
the largest Lari-x larioina on the hummocks were an average of only 
12 years old. The northern conifer swampwas bounded to the south 
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by a large animal trail which was continuous with the previously 
mentioned trail through the thicket swamp. Perhaps the northern 
swamp boundary was maintained by browsing species such as moose, 
deer and rabbits and recent city expansion has resulted in a 
reduction in the number of such species# consequently, there was reduced 
browsing pressure and a movement of the conifer swamp boundary 
towards the fen. City expansion has also increased the drainage 
within the study area and the development of Sphagitum mag el I ani cum 
hummocks in the north (zone 11) and the east (zone 2) might be the 
immediate result. Both zones had ample floristic evidence indicating 
a much wetter nature in the past. Thus, the dynamic equilibrium 
between conifer swamp boundary and graminoid fen, which was partially 
maintained by disturbance from wildlife, has been shifted towards 
invasion of the graminoid fen by Sphagnum rich treed fen species 
because of the very recent influence of human beings and urban 
development. 
Resul ts of this study indicated that successional development 
in William Bogwasnot that of a traditional hydrarch succession (see 
re 1 a t i 1Y 
Tansley, 1939) which culminates with a'^stable closed canopy bog 
forest. Rather, succession can proceed in either an ombrotrophic 
direction, when Sphagna can elevate the surface above the influence 
of mineral rich groundwater, or a minerotrophic direction, when 
surface or subsurface groundwater flow was too great for ombrotrophic 
development. Within these broad categories boundaries between types 
were kept in a dynamic equilibrium, whichwas based upon climatic 
cd 
variations and disturbance. These equilibria appear similar to 
cycles as defined by Watt (19^7), but were likely not true cyclical 
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processes. 
but rather, 
drainage, cl 
Sjors (1963) 
Thus, succession in William Bogwasnot undirectional, 
multidirectional and based upon local variations in 
imate and disturbance, a conclusion also reached by 
and Heinselman (1970) in their studies of wetland. 
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Cone 1 usion 
This study has successfully achieved the aims and objectives 
proposed in the Introduction. A portion of William Bog has been 
studied and described, thus preserving a record of its natural 
state before it is totally destroyed by urban expansion. The 
nature of floristic and environmental relationships in peatlands 
on the north shore of Lake Superior has been documented, providing 
the first record of such relationships in this region of northwestern 
Ontario. The relationship between vegetation type and environment 
in William Bog appears to be based upon the flow of mineral rich 
groundwaters through the peat land, such that in the study area 
minerotrophy dominates along drainagg^ays producing a gradient of 
vegetation north and west of the fen which is apparently minerotrophic. 
East of the fen, away from groundwater flow, a domed ombrotrophic 
bog has developed at whose edges exists an environmental gradient 
from ombrotrophic to minerotrophic along which vegetation varies 
continuously from treed bog to graminoid fen. Peats east of the 
fen remain frozen longer than those west and north of the fen which 
are bathed in groundwater flow. 
Based on the results of this study successional development 
in William Bog appears to be a complex process based upon the lateral 
pa 1udification of a sandy basin within which vegetation development 
initially fol1 ows a minerotrophic series from Fhragmites oormunis 
marsh to graminoid fen. Away from groundwater influence this series 
27h. 
tends to proceed in an ombrotrophic direction. Along drainag^ays 
vegetation developes that is of a minerotrophic character. These 
developmental series are evident today in the domed ombrotrophic 
bogs which predominate in the northeastern portion of William Bog 
and the series of parallel fens running southwest in the central 
regions between which are coniferous swamps. The vegetation 
structure of William Bog is intimately related to its southwesterly 
slope which determines its ultimate drainage into the nearby 
Neebing River. 
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285. 
The following section consists of raw data sheets containing 
data not otherwise listed in the body of the thesis. 
Appendix la and lb Percent cover of species sampled by point 
quadrats along level transect of the study 
area. 
Topographic profiles of five selected 
Sphagnum spp, hummocks. 
Appendix ia- Percent cover of species measured over E-W transect 
determined as the percent of total hits possible 
in a 3 m section of the transect. Transect 
consists of 37 of such 3m sections. 
Appendix lb- Percent cover of species measured over W-E transects 
of selected Sphagnum hummocks . Determined 
as the percent of total hits In one of three 
elevation classes (Q-200mm: 200-400mm: 40t plusmm)Taken every 
Hummocks sampled in East muskeg, east transition, 2 cm 
fen, west transition, west muskeg. along transect 
- Topographic profiles of above hummocks determined 
from the amount of pin remaining above sample 
frame (see Methods- Vegetation ) taken every 
2 cm. 
Appendix II 
Climate data collected from William Bog durring 
1977 and 1978. Includes rainfall, relative 
humidity, water table and peat mat fluctuations 
temperature maxima and minima in muskeg, transition, 
and fen sites at ground level and I m above ground, 
temperatures within and above Sphagnum spp. hummocks 
and snow depth measurements. 
Water and Soils 
Raw data not included in body of thesis. 
water pH June 1978 
-moist peat pH November 1978 
- von Post humification of peat 
- percent loss on ignition of peat 
- available nitrogen of peat (ammonium and nitrate) 
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